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ADVERTISEMENT. 



The subject of the following Essay has occupied a portion of 
my attention from the period when, after having made a 
certain progress in Comparative Anatomy, the evidences of 
a greater conformity to type, especially in the bones of the 
head of the Vertebrate animals, than the immortal Cuvier 
had been willing to admit, began to enforce a reconsideration 
of his conclusions, to which I had previously yielded implidt 
assent The results*, in so far as they seemed to be fairiy 
sustained by observation of facts, have been successivdy 
communicated to the Royal College of Surgeons of England 
in my Hunterian Lectures for 1844 and subsequent years; 
and in 1846 I availed myself of the peculiar advantages 
afforded by the ' British Association for the Advancement of 
Science' to bring my general views on the Archetype and 
Homologies of the Vertebrate Skeleton before the British 
and Foreign Anatomists assembled at the meeting of the 
Association at Southampton, in order to submit them to 
the test of a discussion which could not have been so fully 
carried out under any other circumstances in this country, 
where Homological Anatomy had previously excited litUe 

* Those illustrmted by the skeleton of fishes are giTen in the * Lectom on 
the Compentite Anatomy and Physiology of the Vertehrate Animals/ Fart 1. 
1846. 



.- w 



n . ADyBftTIBBMIMT. 

attentioD, and had remained almost in the atate in which it 

was left by Cuvier and Geoffroy St. Hilaire. 
The interest which has since been expressed on the snb- 

ject of those communications^ published as a ' Report * in 
^ the Transactions of the British Association for 1846, and the 

wish to make the matter of that ' Report ' more accessible 
I and intelligible to students of anatomy, have induced me to 

/ reprint it in a separate form, with some additional facts and 

] illustrations. 

\ I beg to express my obligations to the President and 

Council of the British Association for the permistton to 
I reprint the substance of my Report, and for the liberal use 

; of the woodcuts with which it was illustrated. And I am 

glad here to have the opportunity to acknowledge the yalu- 
[ able aid which I derived from the skill and care and patience 

of Mr. Frederick Gyde, the wood-engraver, in rendering 
/ accuratdy the numerous details and references in the figures, 

and to express similar acknowledgements to Mr. Tuffen West, 

the lithographer of the plates. 
(') • . 
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When the ttmctaie (if orguiiied bdogs began to be iBvettigaledt tb« 
pertty M tbej were observed, were described under names or phrases snjmsted 
py their forms, proportions^ rdative position, or likeness to some famuiar ob> 
jeet Much of the nomenclature of human anatomy has thus arisen, espo- 
dallT that of the osseous system, which, with the rest of man's frames waa 
studied oriffinally from an insulated point of view, and irrespective of any 
other animd structure or any common type. 

80 when the exigences of the Teteruarr surgeouy or the desire of the 
naturalist to penetrate beneath the superficial characters of his IkfomrUa 
dass, led them to anatomise the lower animals, they, in like manner, addon 
glanced beyond their immediate aubtect. and ottin gave arbitrary namsa 
to the parts which they detected. Thus the dissector of the hoias^ whose 
attention was more especially called to the leg as the most oonuioo seal 
of disease in thai animal, mctfied its < cannon-bone,' ita 'great' and *uatlV 
pastennboncs, its *coffln-tMne,' and ita *nut>bone' or 'omfooet's eoine 
cranial bones were also named agreeably with their shapes as the *oe quft- 
dratum,' for example. The omithotomist described, in the same lirelatiw 
manner, the 'ossa homoidea,' 'ossa communicantia' or ' Interaiticolarii^* 
the 'columella' and «oe fureatorium.' Petit* had his' oe grele'aad*«e 
en massne ;' Herimantf hie 'oe carr6'; which, however. Is by no means the 
same bone with the 'oe carr6' or 'os qoadratum' of the hippolomist Hie 
investigator of reptilian osteology described * hatchet-bones^ and chevron 
bones, an <oe annulare' or <os en ceinture,' and an *oe transversum*! he 
Uhewiae defined a 'columeUa'; but this waa a bone quite distinct from thaft 
so called in the bird. The ichthyotomist had also an ^oetransvenram,* which 
again was distinct from that hi reptiles, and he densonstrated his <oe diseo^ 
deum,' «os coenosteon,' <os mystaceum,' *ossa qrmplectica prima,' 'secand^' 
'tertU,' 'supreme,' *postrema, Ac Similar examples of aibitrary names m%lii 
easily be multii^ied; many distinct onee ^nifying the same part b 4 
animals^ whilst essentially distinct paita often received the 1 
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different uatomicAl aaUiof% oeevpied ezdusiTelj hj partieukr tpedM. 
Each, at the begioDiDg, viewed hk Mibject iDdependentlj ; and finding, there- 
fore, new orcans, ereiSed a new nomenclature for them; jurt at the anthro- 
potomist had done, of neoemity, when, with a view to the eure or rdief of 
diaeaie and injoir, he entered upon the Tatt domain of anatomical adence bj 
the structure of Man, or of the mammala moat reiembling Man. 

It maj well be conceived with what a formidable load of namea the me- 
morj must have been borthened, if any ooold have been found equal to it, 
had the anatomj of animals continued and made progress under its primitive 
condition of an assemblage of aibitrerilj described and uncompnred factk 

Happilv the natunl tendency of the human mind to sort and genenlise ita 
idns conki not long permit such a state of the science, if science it could be 
called, to remain. A laige and valuable portion of the labours of the oom- 
pantive a^fLti]^i|i||) who have honoured the present century, haa been devoted 
to the deten^ipatjon.of those bones in the lower animals which correspond 
with bond in Oe' human skeleton; the results bdng usually expressed by 
applying lO'tbe j^irts so determined the same names, as ftr as the nomen- 
ciatnre of anthropotomy allowed. Few, however, of the parts of the human 
body have received single substantive names ; thcr are for the most part in- 
dicated bv shorter or lonser descriptive phrases^ like the species and parts of 
plants before linnssus reformed botanical nomenclature. 

The temptation to devise a systematic Nomendatnre of Anatomy, generally 
applicable to all animals, increases with the advance of the science, and from 
the. analogy of what has taken place in other sciences it may one day be 
yielded to and ezereise the ingenuity of some ardent reformer. But the same 
analogy, especially that afforded by chemical science since the time of Lavoi- 
sier, would mther lead the true fnend of anatomy to deprecate the attempt 
to impose an entirely new nomenclature of parts, however closely expressive 
of the nature and results of the science at the period when it might be devised. 
For there is no stability in such descriptive or ennndative nomendatnre ; it 
changes, and must change with the progfresa of the sdence^ and thus becomes 
a heavy tax upon such progreas. 

If the arbitrary term * cJomd,' which, like < honse' and *dog,* dgnifics the 
thing in its totality, without fordng anv particular quality of its sulject 
prominently upon ttie mind, be preferable, on that account aa wdl as its 
brevity, to the descriptive phrases *submuriate of mercury,' * chloride of 
mercury/ or * proto-chloride of mereury,' in enunciating propodtions respect- 
ing the substance to which it is applied ; and if it poss es s e s the additional ad- 
vantage of fixity, of a steady meaning not liable to be affected, like a descrip* 
tive name or phrase, Ij every additional knowledge of the properties of the 
aabstance; the anatomist, lealous for the best interests of his sdence, wfll fed 
atrongly the desirableness of retdning and securing for the subjects of his 
propositions dmilar dngle, arlntrary terms, especially if they are also capable 
of being inflected and used as noun a^jeetiveB. 

The practice of anatomists of the soundest judgement has usually been, 
to transfer the anthropotomical term or phrase to the answerable part when 
detected in other animals. The objection that the origind descriptive or 
otherwise alludve roeaninff of the term seldom applies to the part with equd 
force in other animals, and sometimes not at all, la one of reallv little moment; 
for the term borrowed from anthropotomy is soon understood in an arbitrary 
aense^ and without regard to its applicability to the oaodified form which 
the namesake of the human bone commonly assumes to suit the ends required 
in the lower spedes. No anatomist, for example^ troubles himself with the 
question of the amount of resemblance to a crow*a or other bird's beak in the 
•coracdd* bone of a reptile^ or with the want of likeness of the kangaroo's 
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* eoecjx* to the betk of a eaekoo; or of the whele'i 'Tomer' to a plough* 
•bare ; or ever anociatet the idea of the original myftic aUodoo in tne ana* 
tomical term * sacrum ' with hit description of thaJt bone in the mcgatherinm 
or other monster. Common sense grBtefullj accepts such names when they 
become as arbitrary as cat or calouMl, and when such concretes or ai||eetivei 
as * coccygeal,' * vomerine* and *sacial' can be employed to teach the pro- 
perties or accidents of their suljeela. 

To substitute names for phrases is not only allowable, but I believe it to bo 
indispensable to the right progress of anatomy ; but sudi names must be aiW* 
trary, or, at least, shoiUd have no other signification than the homolosical one^ 
if anatomy, as the science of the structure of all animals. Is to enjoy the incstU 
mable benefit of a steady and univerml nomenclature. I am far trom being In- 
sensible to the advantages which other sciences have derived from revolotiona 
in their techniod language; but experience has also demonstrated attendant 
evtb ; and these, it is to be feared, would preponderate in the case of anatomy, 
on account of the peculiar character of its origin, and the fact of its oultlvaton 
being for the most part introduced to the science through the portal of antfaio- 
potomj. So long, likewise, as due deference continues to be paid to the deep 
and vital importance of the practical applications of the parent science !■ 
medicine and raigcrr, it will be in vain for any man to expect that his ado 
authority would suffice for the general reception of an entirely new nomcs- 
dature, however philosophically devised or clearly enundative of the highest 
and most comprehensive truths of the sdence at the time of its formatioo. 

After maturely considering this subject in its various relations, I have ar» 
rived at the conviction that the best interests of anatonucal science wlU bo 
consulted by basing the nomendature applicable to the vertebrate snbkiiy- 
dom upon the terms and phrases in which the great anthropoComists of di6< 
16th, 17th and 18th centuries have communicated to ns the fhiits of their 
immortal laboun. For it is only on this Arm foundation that we may hope 
to avoid that ceaseless change of terms which follows the device of a syet^ 
matic nomendature significant of a given progress and result of sdentifie 
research. But the names of the parts of the vertebrate animals ao based on* 
or deduced fhwi the language or anthropotomy must divest themsdvea of 
their original descriptive signification, and must stand simplv and aibitv^ 
rily as the signs of such pvfs, or at least with the sole additional meaning 
of indicating the relation of the part in the lower animal to its namesake or, * 
homdogue in Man. It is an old maxim accepted by the best logidans» that 
no name is so good as that which signifies the total idea or whole fulyeelv 
without cdUng prominently to mind any one particular quality, whieh i 
thereby apt to be deemed, undeservedly, more essentid than the rest 

The chief improvement which the language of anatomy, based npoo thai 
of anthropotomy, must receive in order to do its requisite duty. Is the aobatt 
tutlon of 'names' for 'phrases* and «definiUons'; and this Is I 
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of nomendatare than the giving to anatomy what it did not before f 
but which is absdutely requisite to express briefly and clearly, rjid withoot 
periphrasis, propositions respecting the parts of animal bodies. Such namee 
should be derived from a univernl or dead language^ and when anglidaed^ 
or translated into other modem equivdenta, ought to be omable of befaw 
inflected aiQectivdy. 

A few examples will aufBce to diow how greatly the advantage of i 
names preponderates over the trouble of aubstitutfaig them in the i 
for the definitions which previously dgnlfled the ideas. 

In the dessicd Anthnmotomy of Soemmeiring, a wdl-defined part of the 
skull, which Is a distinct bone in the human emfiyo^ and pennaneatly ao hi 
an cold-blooded Vertebrate, is called ** pars ocdpitalis stfiete do dicto partis 

nf 
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oocipitalii ot^ •pheno-occipttalk*.* Moiiro» io hb joidY-cftcemed traatift 
* Od the Homaii Booctf/ delloct the nme bone m **■!! the put of the Toe- 
dpttal) bone above the greet faramcD." In the ' Eleaienti of Anetomjt bj 
Dr. Queiolt a work of repate for iti deamcw and minntencw of detail, the 
parNn question is neither named nor described. The term n^Mv-ocrt^pAkil^ 
LaL (nipro-O0r(p«AiA Eng^Mur-cee^ntal^ Fr.), is obTiooslj a gain to anatomical 
science in ^ propositions respectug this part in the Tertebrate series. 

Certain pens of a Tcrtebrat distinct bones at an earlj period in man, and 
throoghoot life fn most reptiles* are defined bj Soemmerring as * radices ar- 
cfi» posterioris ▼ertebrse/ or ' arcns posterior vertebrm ' ooQectiTel j f. Monro 
describes the same parts separatel j, as ** a broad oblique bonj plate extended 
backwards," and together, as ■^ a bony arch produced backwaxdi'' : he names, 
defines and minotely describes the procenes, Ac of these bonj plates, which 
in the series of Vertebrata are soon found to be non-essential characters ; but 
for the plates themselves, which are the most constant and essential consti- 
tuents of a vertebra, he hn no name. Dr. Qnain defines the same parts as** two 
platei of bone, the lamellsB or arches, which complete the eentrd foramen 1.** 
Th^ are sometimes more briefly but vaguelj spoken of in English works 
of (Comparative Anatomy as ** the vertebral lameUm " or ** vertebial laminm," 
or ** perivertebral elementa.** The term * nemrmopkj^* LaL and Eng. (* nemr^ 
tpopkjfM,* Fr.y applicable to each element mdividually, under which all its 
properties may be predicated of by the adjective * nearapophysial,' without 
periphrasis, seems by its adoption in the classical worlu of MM. Agassis 
and Stannius, to be as acceptable as the term *sur-occipital' substituted by 
Cuvier for the definitions in anthropotomv above citad. 

SimQar instances of the absence of determinate names, capable of in- 
fiection, for part%of the human frame, will be seen in the lairt column of 
Tabls L, and otiiers will occur to the anatomist^ even in regard to most 
important parts, as the primary natural divisions of the neural axis, for 
example, to the great hindrance of brief, dear and intelligible descriptions. 
So long as the phrases ' marrow of the spine,' * chord of the spine,' continue 
to usurp the place of a proper name, all propositions concerning their sub- 
ject must eontinue to be periphrutic, and often dso dubious. Thus if the 
pathologiit, speaking of diseases of the spinal marrow, desires to abbreviate 
his proposition by speaking of * spinal disease,' he is liable to be misunder- 
stood as referring to diwase of the spinal or vertebral cdumn. The vague^ 
but often-used phrafe * chorda dorsaiis' for the embrvonic fibro-gdatinous 
basb of the spine, adds another source of confusion likdy to arise from tiie 
use of the term ' spinal chord,* as applied to that most important part of the 
neund axis which 1 have proposed to call * Mydon f ,' a term which, if adopted, 
would be attended by thb advantage, that no amb^uity could arise in spnk- 
ing of * mydonal functions,' * mydonal afi«ections»' or other properties of this 
part of the central axis of the nervous systeoL 

Anthropolomy, in respect to its nomenclature, or rather the want of one, 
is, as I have alrndy remarked, not unlike ^ hat botany was before the time of 
Linnsus, and we may antidpate the happiest effects from a judidously re- 
formed technical language in the advanceiLent of the true and philosophie 
knowledge of the human structure, from the rapid pro g rei a of botany when 
the oppodtion raised by sloth or envy to the Linnaean reforma was overcoiiie» 
For a good general anatomical nomendature, based and regulated upon the 

•De Corporis HuBsdPalirici;, 1794, t.L p. 16S. f Kiifij»t€dlliQe,tvB,18»l,p.7t. 

t KlcacsttorDnmpti«caBdPrtctkdABMom7,8^im,p.ML 

I DcCorpoiliHiimMiPklirics,1794,t.Lp^SSa,tSlb 

I Ekmesii of Descriptive and PmrtkdAMtoay.awipim, ft in. 

f llmcrisaLcctwn,vd.iL 'Vertebrate.' port L p. ITt. 
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priDciplet above defined, mai4 reflect its beneflte upon enthropolonij. 1 dare 
sot flatter mTtdf that the namet adopted or proposed for the Osseous System 
of the Vertebrata in mj 'Hunterian Lectures 'aodio the first edtanui of TableL 
will meet at oooe with acceptance, bat the attempt lo establbh soch a nomea^ 
cUtore will be felt to have been an indbpensable step in undertaking a genefal 
sunrej of the homological relations of the vertebrate skeleton. 

In proposing a definite name for each dbtinct bone^ dedaratorf of ita 
specisJ homology throughout the vertebrate kingdom, I have soasht earnestly 
to reduce the amount of reform to the minhnum allowed by the eiimoee 
of the case. Ameably with Aphorism III. of the * PhiloM^hy of tte In- 
ductive Sciences^ (p. Ixvii.), the nomendatun of anthropotomy forms tho 
basis, and all the names given to parts by one or other of the great French 
anatomists have been accepted, with the modifications of a Latm or an En* 



glif b termination, wherever such names had not been implied, as is the • 
with some proposed by GeoflVoy St. Hilaire^ to two different parts. In sub- 



stitutinff names for phrases, I have endeavoured, conformably with another 
of Dr. WheweU's canons (Apb. X VIL cjk ctt. p. csviL), to approdmate the 
sound of the name as nearly as pomible to those of the leading terms of the 
definition or phrase^ as eg. aluphenoid for * ala media, Ac sphenokkUa* and 
for 'grande aile du sphfnolde ; orbUotAmrid for * ala soperkir sea otb^ 
talis, Ac spfaenokblis,' and for * aile orbitairo da nhteoUe*.' 
The oorrmponding parts in diffemt animals bemg thus r^-* 




aro called tecnnically * homolceues.' The term isoscd bvlogickms as syao* 
njpnous with * homonyms,* and by geometricians as signuVing * the sklea of 
similar figures which an opposite to equal and oorresponoinff angles,' or to 
parts harag the same prooortionsf : it apoeam to have been first apflied is 
anatomy b^ the philosophical cultivaton or that sdenoe in Germany. Geof^ 
froy St. Hilaire says, ''Les organes des sens sont AomoAywei^ comme iTes* 
primerah la philosophie Allemande ; o*est-i-din quHs soot anal 
leur mode de d^vd^pement, sll eziste v6ritablement en ens an i 
dpe de formatkm, one tendance oniforme k se r6p(ter, A se leproduinilo k 
mime h/^^nlT The French anatomist, however, seems not righdy to 
define the sense in which the German phOosopheia have oscd thetenit 
there is a loos e n rss in the expression ^analogous in their mode of devtkp* 
ment,' which may mean dther hlenticd or similar, and also diflbent kinds of 
similarity. Ruts aro homokgoos in the sense in which the term is oscd is 
this Work, which era not dwavs similariy developed: thus the *pan oed- 
pitalis stricte sic dicta,' ire. of Soemmerring is the qiedd homd<^gae of tho 
snpnocdpitd bone of the cod, dthough it is devdoped oat of pre-exWtInf 
cartilage in the fish and out of aponeurotic membrane in the human suljeeL 
I also rmrd the supraooripitd as the serid homdogue of the pvietd and 
the imdnrontal, dthough these an developed out of the epicranial BsembraAO 
in the fish, and not out of pre-existing cartilage, like the snpraoedpitd. 
The femur of the oow is not the lem homologous with the lemnr of the enn 

led firomfours 



codile, becaase in the one it is devdoped firom four separate osdfic eentm, and 
the otlier from only one such centre. In like manner the eompoud mandU 
bular ramus of the fish i» the homok>gue of the dmple mandibohr lamos of 



•ThsbsppytMJHty of coahisstJoa which tksOfrmaahafsgss^jcyshMhsgwMMsi 
«W vwy mLmM sntonim of that iMdlsctul ptrt of Bvrops to eaadcBW tks d2ill^ 
■athnpotomv ialo ilagto words; bat tksM caaaot bceone cosbomUcsbi nch tonm m 
' HiBtcrlMip&didtflffpcr/ • 8ch]ifbtiaMhfippeii,'aBd •ZwiMbsaUe^ 
to ^ TCrtiktoi to the BMiOBite of tks coimtiy vhsn the vocal peiran bm bssB tnM 
ifcwajyfcacy to their ■Mcffsoss, 
«X^** *^ '•■^ ^ ^'^^ ths tens to dcaasd hi tks fttadi IWctis— y asi hi em 

t\AaBdMa«MHWtoHataidbi,toiB.fL IMIb^Mt* 
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tiM aHumul, at the oonpoMid tjmpma pedicle of tbe lldi b bomoloMM 
with the efanple tjmpeide pedicle of the bird» the diffemioee eK p i m ed bj 
the tenne ^eimple' aad 'eompouiKi* dqiendiiig eotirelj on a diffemee of 
oeveiopBBeB^B 

Without kDOvbg the pieeke ecMe hi which Geoftoy Si. Hil^ni noder- 
stood *aiielogoiu devdcmienl,' one cunot detenntne how much or how little 
it it u>plicabie to the detenniiMtion of homologies or to the deftnitioo of 
homofogoos parts. Dr. Rdehert seems to Iwre bMO oiidal j iDflneoced bj tlM 
idea of *aiialogT or similaritj of devdopment io the determimition of homo- 
loffons parts * when he rgceted the parietal and frontal bones fiom the ^stem 
ofthe endo-slteleton, because thej were not derdoped firom a mo-eiistiaf 
eartilaginons basis*» or» because they could be eastlj detached rrom sulja- 
. cent persistent cartilage in certain fishes; the essential distinction between 
these and the suprsrocdpital in regard to derdopment being* that whereas 
. thecartib^nousstaseinterrenedin the latter between the memfafanoos aad 
the oss e ou s stages, m the other* usuaU j more expanded, craidal spines, the 
osseous change anpears to be immediatelj superinduced upon the prindtife 
iqxMieurotio histological conditkNu 

m. Agassb seems, in like manner, to sire undue importance to nm&aiitj 

of devdopmentia the determination of homdogics, where he repudiates the 

genend homology of the basi-ephenoid with the Tertebrd centrum, and eon* 

' sequenUy iu send homology with the bosi-ocdpital, because the pdnted end 

; I of the dmrda domlis has not been traced further forwards doog the basis 

I . ofthe cranium in the embryo osseous fish than the bad-ocdpitdt* But the 

, derdopment of the centrum of ererr vertebra bepns, not in the gdatinoas 

chord, but in its i4ioaeutotic capsule^ and it is in the expanded aponeurosis 

directly continued from the «chorda* dong the * basis cranii ' that the thin 

stratum of cartihige-cdis is formed from which the ossificatiott of the besl- 

. I sphenoid, presphenoid and Tomer proceeds. 

There exists doobtlem a dose generd rssemblance In the mode of dere- 
^ lopment of homoio«Mis parts ; but this is sulgect to modification, like the 

forms, proportions, functiona and rery substance of sndi parts, without their 
e mentisl homologicd rdationships bdng thereby obliterated. These rela- 
tionships are maidy, if not who^r, determined by the rdaave podtioa and 
I connection of the parts, and may exist independently of form, proportion, 

substance, fbnction and similarifr of derdopment. But the counectione 
must be sought for at every period of derdopment, and the changes of rda- 
tive podtion. If any, during growth, must be compared with the connections 
which the part presents in iht clasies where vegetatlTe lepetition is greatest 
and adaptive modification least. 

Relations of homology are oflten net only confounded with those of andogy, 
but in some recent and hicUy estimable worlu on comparative anatomy the 
terms 'analogy' and *anaiogoe'continne to be used to express the kleasof 
homology and homdogue, or are so used as to leave in doubt the meaning of 
the author. Thus when we read in the latest edition of the ' l<ccons d'Ana- 
' tomie Comparte ' of Cuvier, " Les branchies sont lee poumons dfes animaux 

absdument aquatiques," t. viL p. 164; and with regard to the cartilaginous 
or os s eous supports of the gills, ''eUes sont, k notre avis, aux branchies des 
pdisons, ce que les eeroeaux cartilaginenx on osseux des voies a^riennee sont 
aux poumons des trois dimes supmurcs," Md. p. 177* we ere left in doubt 
whether it is meant that the gilb and their mechaaicd supports merdy perform 

•TcilkidMiids BBtiHAdafiieMUdds dM Kopte dsr nactoa IcptlBa^ 41^ 

pp. HI, ne. 
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the same funcrion in fishes which the lunge and windpipe do In i 
whether thej are not also actoallj the same parts differently modified in m* 
lation to the different respiratory media in the two classes of animals. Ilia 
deeper-thinlLing Geoffroj leaTCS no doobt as to his meaning where he argnea 
in the * Philosophic Anatomique' (8to» 1818, 4idnie mtooire* n. 205\ that the 
branchial arches of fishes are the modified tracheal rings of the air-breathing 
Tcrtebrates : we perceive at once that he Is enunciating a relation of homology. 

I have elsewhere* discussed the relations, both homological and analogleal, 
of the respiratory organs of the air-breathing and waler-breathing vertebrate 
animals, and have here adverted to them merely to illustrate the essential 
distinction of those relations. In the * Glossary ' appended to the first vdume 
of my * Hunterian Lectures,' the terms in question are defined as follows ^-«• 

** Amalooub." — A part or oigan in one animal which has the same Amo- 
tion as another part or oigan in a different animaL 

'* HoMOLOOUS.*' — ^The same organ in different animals under every varieiy 
of form and function f" 

The little * Draco volans * offers a good illustration of both relations. Its 
fore-limbs being composed of essentially the same parts as the wings of a bird 
are homologous with them ; but the parachute being composed of diilereBt 
parts, yet performing the same function as the wings of a liird. Is analc^^oiia 
to them. Homologous parts are always, indeed, analosoua parts In one senses 
inasmuch as, being repetitious of the same parts of &e body, they bear fai 



that respect the same relation to different animals. But homologous naita 
may be, and often are, alio analogous parts in a fuller senses ▼is.as pefmiii- 
ing the same functions : thus the fin or pectoral limb of a Porpoise is bono* 
logons with that of aFish, inasmuch as it is composed of the same or answemble 
parts : and they are the analogues of each other, inasmuch as they have th« 
same relation of subserviency to swimming. So, likewise^ the peroral fin of 
the fiying-fish is analogous to the wing of the Bird, but, unlike the wing of 
the Dragon, it is also homdogons with it 

Rdations of homology are of three kinds t the first Is that above defioedt 
viz. the correspondency of a part or organ, determined by its relative podtkNi 
and connections, with a part or oigan in a different animal ; the determinatioQ 
of which homology indicates that such animals are constructed on a eonnMNi 
lype: when, for example, the correspondence of the basilar process of the 
human occipital bone with the distinct bone called ' basi-ooelpital* in a fisb 
or crocodile is shown, the tpudal kamologjf of that process is detennined. 

A higher relation of homology is that in which a part or aeries of paits 
stands to the fundamental or general type, and its enundation InvolveB 
and implies a knowledge of the type on which a natnnd group of aninaK 
the vertebrate for example, is constructed. Thus when the oasilar process of 
the human occipital bone is determined to be the 'centrum' or *body of the 
last cranial vertebra,' its gmmd kamclogy is enunciated. 

If it be admitted that the genersl type of the vertebrate endo-ekeleton ia 
rightly represented by the idea of a series of essentially sisDilar segments 
succeeding each other longitudinally horn one end of the bodv to the other, 
auch segments being for the most pert composed of pieces similar in nnasber 
and arrangement, and though sometimes extremely modified for special lbne> 



tions, yet never so as to wholly mask their typical char a cte ri then any 

be ] • • * - • ... 



given part of one segment may be repeated in the rest of the seriesb JnsI aa 
one bone may be reproduced in the skeletons of different spedes, and this 

• Lsetms oa Vcrtdbrata, 1846, yu STt. 

t Lsetvrn oa lavertehnte AaliMls, 8vo. 184S. GksniT, pp. 874. 87f . My iBgialam 
■Bd ktraed frkad Mr. Hugh Striekkad hm Bsds s stimg sad sbis sppsd to the goei 
■ons of eoapsiatlvs sastemitts hi liifoar of the isMctioa of tlisM tsnss to lbs iSBSSS hi 
which thsf on hoe diiBsd^PUl.Mi»1848»ffw 888, 8M. ^ 
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kind of repetition or repreeeotaliTe rektioo in the aegmente of the Mune 
•kelef on I call ' serial homologj.* As, however, the parts can be namesakes 
onlj in a general sense, as ceiitninM, neurapophysM, ribs, Ac; and since 
they must be distingoisbed by different special names according to their par- 
ticular modifications in the same skeleton, tme.g, mandible, coracoid, pubis, 
^ 1 &C I call such serially related or repeated parts * homotypes.* The basi« 

' I ooci|ntal b the homotype of the basi-sphenoio ; or in other words, when the 

I f basi-occipital is said to repeat in its Tertebra or natural segment of the ske- 

leton the basi-sphenoid or body of the parietal vertebra, or the bodice of the 
atlas an ■ 
I ofthbl 

I ; memoir ' On the Pkralldbm of the Fore and Hind Limba.' If we except 

the complex and extremely diversified and modified parte of the radiated 
appendages of the vertebral segments, to which Vicq aAsyr restricted his 
comparisons, the serial homologies of the skeleton are necessarilv demon- 
strated when the general and special homologies have been determmed. 

In the present section I propose to consider some of those examples of spe- 
ehd homology which are least satisfactorily determined and respecting whioh 
different opinions still sway diflerent anatomists. Such instances are fortn- 
natelv few, thanks to the perwvering and suocessfid labours of the great com- 
parative anatomists of the last half-century : pre-eminent amongst whom will 
ever stand the name of Cuvier, In whose dassiod works, * Ossemens Fosrilea,* 
^Histoire desFoissons,' * Lemons d'AnatomieComparte' (posthumous edition), 
and < Rdgne Animal,* 1828, will be found the richest illustrations of the special 
homdiogml relations of the bones in the four cbtsses of vertebrate animak. 

Second only to Cuvisa must be named Gboffrot St. Hilairb, whose 

memoir on theBonesof the Skull in Birds ascompared with those in Mamnmls^ 

in the ' Annales du Muslhira, t. x. (1 807), forms an eariy and brflliant example 

of the quest of special homologies, which could not fidl, with other and similar 

% investigations of the same ingenious author, to impart a stimulus to that 

^ philosophical department of anatomical inquiry*. In regard to the osteology 

\ ', of the crocodile, we find Cuvier and GeoffVoy engaged in a long parallel series 

, . of rival researches, the results of which have had the happiest effects in de- 

j I termining some of the most difficult questions of special homolo^. 

Nor was the co-operation of lealous cultivators of comparative anatomy 
( wanting in the eminent schoob and univc^ties of Germany. Goxthb, ia- 

; deed, bad taken the lead in inouiries of thb nature in hb determination, in 1 787* 

of the special homology of that anterior part of the human upper maxillaiy 
bone which b separated by a more or less extensive suture from the rest of 
the bone in the fcetus; and the philosophical principles propounded in the 
mat poet's famous anatomical essays called foith the valuable labours of the 
Kindred spirits, Okbn, Bojaws, Mxckbl, Casus, and other eminent culti- 
vators of anatomical philosophy in Germanr. 
It b not requbite for the purpose I have in view, to trace step by step the 
^ p ro g r ssa of the special horadoffical department of anatomy. Its present 

state, as regards the skull of the Vertebrata, will be best exposed by the view 
of the fruits of the latest inquiries embodied in Tablx I. appended to thb 
Work. 

That table gives at one view the general results of the researches into 
the conformity of structure of the skull throughout the vertebrate seriesb 

• Olun'i froMW ''IVogrsmii^ fiber db Bedeatuig dff SdAddkaochea" WIS ^ 
to the umejor (1807) as Gcoffroy'i Memoir on the Biid'i ikaDi hot H b devoted ksi ts 
the detcnBiBskba ol • ipeebl ' than of • geaosl homdtogbt ' I It has, b bet, ft much hi|^ 
sbi thsa the coulempomry rahUcstioa of the nmeh SMtomiit, in whidi we sock b vain 
for uj gttmpM of thoM higher icbtloiit of the boacs of the d»11, the dbeovoy of whkh 
MataMrtsUty ea the BftM of Ob». 
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bj the two great French anatomitts who have moat advanoMl thia part of 

ottedogical scieDce; by the authora of two claaaical German worfca oa 

Comparatife Anatomy; and hw their eoontryman Dr. HaUmanOt who haa 

detailed in an elaborate treatise bb especial inTettigations of some of the mosl 

difBctttt parts of this dif&cult inquiiy. I have added the synonTma of the 

bones of the head of fishes from the great work of the celebrated Swiss na^ 

tnralist, who has» so happily for ichthyologT» devoted himself to the advance- 

ment of that interesting branch of Natoiai History ; and also» the anthropo- 

tomical terms for the corresponding parts in the human skeleton. Thesf^ 

after much comparison and aelil>eration, I have chosen from the jostly-cele* 

brated work of SoBMMBaaiiio» the high reputation of which liaa been aano- 

tioned by the new edition to which some of the most eminent of the Germaa 

professors of anthropotomv and physiologr have recently devoted their con* 

bined labours. The Engush teacher of these sciences will find some of the 

descriptive designations of the parts by Soemmerring not agreeing witll 

those which he may be in the habit of uaioffy and whid are current in Ih4 

later Manuab of Anthropotomy publishecfin thb country: the *os8a la> 

teralia lineualia' are more commonly called, with us» the ' comna nuyocm 

ossb hyoidei' ; the 'os spheno-occiDitale' is generaOy described as two dU 

stinct boneSt the ' oa occipitb' and * on sphenoide* ; the * pan ocdpltdUa 

stricte sic dicta»' Ac b sometimes called 'squama oocipitalti^* or oonpital 

plate ; and other svnonyms might easily be multiplied from the ostedio* 

gical treatises of Monro and later authors of repute. The firal of sudi n 

confiicting and unsettled synonymy still pervading the monographs relatiiig 

to the human structure, should stimulate the well-wisher to the right p ngt wm 

of anatomy to lend an earnest aid to the establbhment of a fixed and oeter* 

minate nomenclature. A little present labour and the example of adoptioi^ 

where the reasonableness and necessity of the reform are plain and nndeni* 

able, will much accelerate the future progress of anatomical sdenoe; and I 

would respectfully appeal to the Pkofessors and Demonstrators of Human } 

Anatomy for an unbiassed consideration of the advantages of the terma pio* i 

posed in the first column in Table L It b designed to ezpresa the results of i 

a long series of investigations into the spedal homologies of the bones^tha I 

head, in simple and ^finite terms, capable of every requisite inflexion In 

express the prc^ierties of the parts, and applicable to tna sama bones ttam 

the highest to the lowest of the vertebrate seiiea. 

Apologj^fcr TWma^-The degree and extent of the diverdty of mv dc 
minations mm those of other anatomists are shown in the aucoecding 



lumns, headed by their names ; and I proceed now to give the reasons wtkk 
have compdled me, in such instances, to dissent from the high authoiity of 
Cuvier, GeofiVoy, Meckel, Hallmann and Agassb: these reasons wiDi 



rate me, I trust, from the reproach of underrating their jusUy esteemed opi* 
nions, which have been abandoned only where nature seemed clearly to tefnaa 
her sanction to them. The instances or such dissent are much fewer than they 
appear to be at Ant sight. In most cases, where the names differ, the deteiw 
minations are the same. For ' basilaire,' which Cuvier exdnsively appliea la 
the * pan barilarb' of the occiput, and which GeofiVoy aa exdudvdy appUaa 
(in birds) to the * pan basilaria' of the sphenoid, I have aubstitnted the tem* 



*basiocdpitaI'(toi'-ooet>< to l g,L at); alarm which, as it bmoredescriptivn of 
the bone in question (ifigs.1 toS5), wiU, perhapa,betheniore aeeeplablain 
those who prefer a determinate to a variable nomendatnre, sinee Cuvkr Uflk 
self has almost as frequently applied to that bone the term *ocdpital infirienF* 
aa the term ' basilaire.' For the descriptive phrase 'oedpital lattel/ Iha 
term 'exocdpltal* (enoccyntali^Lat), pn^Maed ny GeoflRroy, b ptelbabia Ihr 
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the boncf m» figi*l to 25; etpeciallj tince tbe paroccipitil h the moet 'kteral* 
of the elemeQti of the oceiintal hone, in the aefinite leoie io which the term 
' lateral' is used in the preciie and excellent anatomical nomencUtore of 
Dr. Barclay. For the numeroas qroo- 
n^mi home bj the elements of the oe- 
cipital lesment of the ikuU, the term 
Uapraoocipital * (jmpnHtee^^Uok^ Lat) 
■eemed to best agree with the truest de- 
scriptiTC phrase m the part, vis. ' occipital 
sapirienr.' The interparietal is no con- 
stant cranial element, nor is it a dismem- 
berment of one and the same bone of the 
skull It is at bert onW the largest and 
most common of the accidentally interca- 
lated 'osfa wormiana.' Sometimes, for 
example» in the CAu$ monkey, it is a 
dismemberment of the backwardlT-pro- 
duoed frontal bone : more frequently it is 
the detached upper angle of the supra- 
OCcipitaL But by this term ' supraocdpi- 
tal,' I signify the totality of the bone t (in 
figs. 1, 5, 18, 28, 23, Si, 25> oonfininff 
the term interparietal to its superior and P!25?t5?S!S2»'j!ft?L" 
anterior apex when detached, or to the '•«^*«- ***!.*» <>»*(*• 
superior and posterior apex of the frontal, when it is in like manner detached 
and wedged between the parietal bones. The inapplicability of the term * in- 
terparietal' to the whole of the supraoccipital is strongly manifested in those 
fishes, t.g. the carp and tench, in which the supraoccipital is withdrawn ftom 
between the parietab to the back part of the skull,leaving those bones to come 
into contact and unite by the normal sagittal suture on the mesial line of 
the Tcrtex. Geoffiroy's error is of the same kind, and m ' 
Curier's, where he applies the term * interparietal' to the ^ 

bones in Birds*. The supraoccipital thus defined can m 

the 'sur-occipital' of GeoirroT,wbo by this term signifies the elements called 
' ocdpitaux extemes' by CuTier. At the same time the term ' surwocdpital' is 
too near in sound to 'supraoccipital,' and too significant of the highest part of 
the occipital segment to be retained for elements, which, like the *paroccipi- 
tsls'Cfig. 1,4,4), are usually inferior in position to the supraoccipitaL GeoflOroy, 
moreover, is not consistent in his application of the term * sur-ocdpitaL' In 
his memoir on the skull of the crooodile in the * Annales des Sciences' for 
1 824^ he applies that term to a part of the bone f, the whole of which he caUs 
*exoocipital ' in his later memoir, on the skull of the crocodQe^ of 18S3| ; 
whilst m the memoir illustrated by the skull of the Sea-perch {Semmm 
giftu) in the ' Annales des Sciences' for 1825> the term *snroccipital' is ap- 
plied to the whole of the bones described as * occipitaux exteraes by Cuvier. 
I trust, therefore^ to have shown the necessity for the definite name of 





or transvcTM processes of the occipital vertebra. And if the purists who are 
distressed by such harmleis hybrids as 'mineralogy,* 'terminology' and ^ 

• ABBdn da Uu^oB, z. ^ MS. vL S7. 

1 1^ 1ft. ig. S i+R. « FloMwdpIt^ iDna^ da iv-oeelpitd ct is rsi^^ec^itd." 

t MADobci it rAcid. Bfljsis dfls SdncM, t stf. Atla^ ^ a. 
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™^O0T»* slioald protest againtt the eombinadoii of the Greek prells to tk« 
Latin noon, I can only olead that lenrility to a particular tonree of the fleo* 
tuating sounds of vocal language is a matter of taste; and that it seems bo 
unreasonable privilege to use such elements as the servants of thonahtf 
and, in the interests of science, to combine them, even though thej eome trooi 
different countries, where the required duty is best and most expeditiously 
performed bj such assodatioo. 

For the same motive that suggested the term basi-ocdpital, vis. because 
the aothropotomist has been 

long accustomed lo hear Fig^S. 

that and the correspondinff 
element of the sphenoid 
bone described as 'basilar 
processes,' I propose to sab> 
stitute the term ' basisphe* 
noid' {ba t upkeiwid eum, utk t ) 
for the three different de- 
scriptive phrases applied to ^ I 
the part (s, figs. S, ^ 19,Ae.) 
bv Cuvier, for the two ad* 
ditional synonyms ef Geof- 
froy, and for the 'sphenoi* 
deum basilare* of Hallmann. 
'Alisphenoid' (tOupkmoi^ 
dbcM, Let, s, s, figs.S.5. 19, 
fto.)seemed to retain mostof 
the old anthropotomical term 

of * alsB miyores,' or wings * par excellence' of the oe spheaoideom ; as < « 
sphenoid' (orbUo-tphmwideMmf i*» >•» fig** 9 and 20) best recaDs or ei 
the idea conveyed by the descriptive phrase ' aim orbitalesb' or *ailei oilift- 
taires,' often applied to the homclogous bones, regarded as processes of tio 
sphenoid in human anatomv. Here^ however, in reference to the alisphenoi^ 
we find the first marked discrepancy in the conclusions of the inatomieli 
who have particularly studied its special homologies. The bone which apr 
pears as the *erande aile du sph&olde' to Cuvier and Anssis in fishes^ it 
the * petrosum to HaUmann and Warner ; it is also *rocber* (petrosal) to 
Cuvier himself in reptOes, and is agam * grande aile du sphtecrao' in Mrde 
and mammals. The reasons which have M me to the coodusioa that the 
bones so denominated, as well as the * pt^real* and * prfoipeal' of GeoAoj» 
are homologously one and the same^ are so intimately linked with the ooo* 
sideration <n the true petrosal and of other elements of the anthropotomistTe 
* temporal bone,' that 1 reser v e the discussion of these questions untfl I havo 




completed the apology for the names proposed in the first column of Table L 
The 'parietal^ (/NBnstale,Lat^r, r, figs. 8, 5, 19, Ae.) and • mastoid' (a 



deuMf Lai, s, s, figs. 8, 5, 19, Ac) are amongst the few booes that have had 
the good fortune to receive^ originally, definite names, anplicablo to then 
throuffhout the vertebrate series; although the mastoid, being like the par> 
ocdpttal, essentially a parapophvsis, loses its individuality sooner thaa do 
other bones of its sesment, and beeooMs, therefore, a 'processus mastoldena 
ossis temporis,' in the language of anthropotomy. The homolosy. of tho 
'parietal' has fortunatdy been, with a single exeeptioo, aniversaSj ree^ 
nised throughout the vertebrate subkingdom ; the exeeptioB being romiihei 
by the eccentric homologist GeoffVoy, who Is, as usual, IneoBsisteat wUh 
himself, even on this plaiMst and least mistakeable point. 



It 
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IbradeieripliTeplirMe. FortlMi 
Fig. 8. 



poMd fortbe'roh^idlde uit^near/on Ibe prtDei|^oftabttitiitiiig,aii the better 
iiMtni]iientoftlioiiffht»adefiDiter ' ~ -- 

reajoo *poitlroDtid' (potffroi^ 
idSi, Lal-t isy n, Hgi. St&SO^te.) 
ii rabrtitatod for Cavier^e « IWnh 
tal pottfrienr* and iti moiijriiM. 
The <froDtal' (JnmiaU, Let ii, 
figs* S» 5. 80^ dre.) and * Tomer* 
(nnMr»Lat.,u,!lgi.4, 5, Sa 25> 
are among the few booet whM 
have had their special homolo* 
gics reeogoised unaiiimowly 
throoghoat the rertebrate nil^ 
hinodom ; io the one eaae eves 
withool denaitiune from the 
oriffinal anthropotomical name^ 
and in the other* with but a 
fingle deriatioo ftom the est*- 
blidiedmmieDclature. Bat when 
Geoffinoj wai indooed to rgeet 
the term * vomer* an bdng mp^ 
plicable onlj to the peraliar 
form of the bone in a email 
prc^Nntioo of the Tertebrata* be 
appeart not to have eooeidered 
thai the old tenn, in ifei wider 
applicatiooy wonld be used widi- 
ont reference to ita primarj 
alloiion to the plooghehare^ and 
that becomingy as it lias* a pnrdy ailntrarj temiy it it aaperior and prefer- 
able to an J partiallr descriptive one. * Rhinosph^nal,' it is tme, recalls the 
idea of the vomer rorming the conlinnation in the naaal segment of the skull 
of the ben- and pre-sphenoidal series of bones in other segments ; hot * vomer/ 
need artntnurilj, summons equall j every idea derived to form the complex 
whole from the genend stn^ of the bone throughout the Tertebrste series. 
^Preftontal* (pr^hmiab^ Let, m, i% 
figs. 4^ 5» SI, Ac} claims the same pra* 
ference over anterior ftontal, and its 
foreign equivalents^ as does postfrootal 
over Its sjnon jmons phrases. There is 
also anouer reason for proposing the 
term ; vis. becanse it is applied to bonce 
in the vertebrate series generally , accord- 

a to condusions as to their homologi- 
relationsy which diflbr ftom those to 
which Cttvier and Geoifroy had arrived. 
The discussion of the discordant deno- 
■unations at present applied to this hi^ 
portent dement of the skull will be fully 
carried out in the sequd. <Nai«l* 
(nasally IS, figs. 4>9 5» Sly fto.)isanother 
of the few instances in whicii it is poedble to retain and generslly apply an 
old and reodvcd anthropotomical tenn. Ko one^ it is presumed, will con- 




Fig. 4. 
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fend for the perpetual ezprenioo or iotertioo of the undentood geoerleimd 
*bone' or 'or' io tbb cue enj more than in the pariolalt fironta^ itt^ wUd^ 
ftom being oriffinallj specific adjectiTc^ hare been propeilj tad eonv e nP 
entlj convertea into definite nouna. 

In oonfonnitj with this mode of acquiring an improred aa wcH aa brief 
and precise expression of anatomical facts, I hare sobetitnted for *pan peCfOsa* 
or * oe petrosum* tbesnbstantive term 'petrosaT (Lat^MCroeiaV|XgB.5,86»16l 
The necessit J for some such designation for an e s s cnt iai ly and ohn phvslcalfy 
distinct bone in the Tertebrate skull has been felt ij both Cnnet and 
Geofflroy. when thej respectivdj proposed the names ' lochcr* and * mpM' 
for the element in question. * Petrosal' has appeared to me to be the bcsl 
English equivalent of CuTiei^s * rocher' ; aa containing the most character* 
istic vocable of the old anthropotomical deseriptife phran *pan petioan 
ossis temporis,' Ac * Rup6al' unfortonatelj has no determinate meanrag s it 
is applied bj its anthor with certain prefixes to scTeral distinct booes» yinAA 
already had their proper namea. •Sclero«al*(jcl>rotelB^Lat,figa.5»88,S9»17) 
fok* * oesicnU sen laminsB oasea membransB sderotiaBb* !• proposed on the sano 
grounds as exoccipital, nostfrontal, ftc^ tii. the snbatttntion of a name for a 
phrase. The sderotals have not been nsoall j indnded amongst tho bonea of 
the headp though thej have predsclj the same cbims to tiiat imnk as the pe^ 
trosals, or other bonj capsules of the oigans of spedal sense. Rdaininf {' 



old anthropotomical term * ethmoid,' I restrict ito triplication to the veij irva^ 
gttlar and inconstant devdopmenta of bone in the eaitilage or membnma 
which ts applied to the antenor outlet of the cranium proper, for the suppoft 
ordefenoeof the cranid part of the organ of smdL The'ossataibinateaiipo^ 
riora,' and the * odlulsB ssthmoidcm' are parte of the capsule of thai t^n*^ ••-' 



tensivd J devdoped in the mammalia, to which the term ethmoid may prop mly 
apply ; out thc^ must dways be distinguished from the modified though coo- 
stent neurapophyses of the nasd vertebra, called ^prefirontaK* with whidi Iha 
above devdopmente of the olfiutoiy capsule usoaBy codesee b birds and mam* 
mals. *Tnrbind'(terM•al^Lat•figa.5,25,19),likepetrosai»faasabstitlltefor 
the phntto 'oa turbinatum inferius, and ita sjnoopn *oa spong^osom inferivai* 



' (palatmiim, Lat, tft. ss) ia another of the few fortunate J 
of the generd reoosnition of tlie homdogons bone thronghootthe vertebiala 
kingdom, with the further advantage of a steady retention of agoodold naaie^ 

* Maxilhu7' (mocilfa. Let, tft. si) is a dniilar inetanoe; btttGeofijmy»aa 
usual, makea himsdf dngular hr adding an nncalled-lbr synonym. If 
Soemmerring's term 'mandibola* lor the lower Jaw were ndvenalty adopted 
and constanuy undentood to signify the totality of tiiat part of the tympaao- 
mandibular arch throughout the vertebnte series, it t^Ndd be wmeeessarr 
to encumber « maxilla' with the distinctive epithet 'sapcarior,' which, indeed 
expresses a character peculiar only to Bfan nd afew mammdlas in the ver* 
tebrate series the 'msxUU' ia more oommody anterior than saperior to tha 
•mandibola.* 

I have adopted the term 'premaxillarT* (/irwaoaillBfe^ LaL A»m), aa oaed 
by M. de Blainviile and some other disttmished eontiaeatd osteologist^ is 
preference to * inlsrmaxillary ;' because that term has already been applied 
(hj Schneider) to another bone of the skull (the tympanic b birda), of wUeh 
it IS more accoratdy descriptive, than it is of a bone which ia more ooa« 
monly before than between ue maxillary Imneai * Entopterygoid' (■wJMjfci^ 
poMMim, Ijit) daims preference to the phrasee *pt6rygiAteialaDe of Caviar 



and Agasdx, on the same logicdgnmnds as have aheady been arf ediafhtoar 
of •exocdpital,'* prefrontal,* Ac But I have alao another ivmob Ibrpio^ 
posing a definite term for the bone ss, fig. 5» whi^ I r^gaid aa a peealiailf 
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idithjie derdopmeot CvTier hat applitd tha term 'Dtlrygolde fatena* 
to another part of the diTei^^ng ajppendaga of iha palato-iiiaziQary arch, 
which part^ I eoocur with Dr. Kdttlio in regarding ai oomologioaUy oiatioel 
from the ■ entopterygoid' of fldiea. For ttie part in qoettioo» via. the * oa 
transTene* of Covier in tlie tkall of 6sbea (t«t fig. 5% iad its liomologne io 
reptiles, which he calls * ptirrgoMien interne' (m^ fig* 82)» I retain the term 
* pterygoid* (pierygoideuMf Lat.)> meaning pterygoid proper i and to the 
bone which CaTier calls *transTene' in rqitiles (u', fig. 22), I apply the 
term ^ectoplerygoid' (eetop ta r yg oidnamt Lat) ; but this, as the table demon- 
strates, does not signify Oivier's * os transrefse* in the skull of fishes. £a- 
tqp tc rygoid, pterygoid and ectopterygoid, have, therefore^ both the advantages 
of snbrtuitiTe terais, and of being applied steadily eadi to a distinct bony 
element. The « h6riss£al' of GeofRroy, like the ' pt^goTde interne' of Cuvier, 
means one thing in a fish and another in a erocodile ; Geoifroy has also en- 
enmbered the latter bone with a third synonym. * Malar' (maian or ob imaim, 
LaL) is preferable to * jugal,* because CuTier applies that name to one bone 
in a fish, to another in a mammal, and to two essentially distinct though 
ooalesced bones in a bird. Malar b also the name most commonlr applied 
by English aathropotomists to the bone, to the true homologue of which I 
would restrict its application throoffhoot the Tertebfrnte series. 

With regnd to the * squamosal' (jyMawo>ifm, Lat. pan squamosa, Ac, figa. 
22-25, w), it may be asked why the term ' temporal' mieht not have been re- 
tained for this bonCi I reply, because that term has long been, and b now uni- 
▼emlly, uodentood in human anatomy to signify a pecidiarlT anthropotomical 
eoaleseed oongcries of bones which includes the * squamosal together with the 
<. petrosal,' the 'tympanic,' the ' mastoid,' and the * stylohyaL' It seems prefer- 
able, therefore, to restrict the ngnification of the term * temporal' to the whole 
(in Man) of which the ' squamosal ' is a part. To this part Cuvier has unfor- 
tunately applied the term 'temporal' in one dass and 'jugal' in another : and 
he has also transferred the term ' temporal' to a third equally distinct bone in 
fishes; whilst to increase the confusion, M. Agassis has shifted the name to a 
fourth diiferent bone in the skull of fishes. WhatcTer, therefore, may be the . 
▼alne asngned to the aiguinents which will be presently set forth, as to the spe- 
cial homologies of the ' pars squamosa ossb temporis,' I have fdt compellecl to 
express the conclusion by a definite term, and, in the present instance, have 
selected Uiat which recalls best the accepted anthropotomical designation of the 
part, although 'squamosal' must be understood and applied in an arbitrary 
seme, and not as descriptive of a scale-like form, which, in reference Io the bono 
so called, is rather its exceptional than normal figure in the vertebrate series. 

The term ' tympanic' (i^oafiwimi, Lat) appears to have received the most 
general acceptance as applied to that bone which the eariv omithotomists have 
called 'OS auadratum' and ' os intermaxillare,' (fig. 2S, is) and which as a pro- 
cess of the human temporsl, sometimes called 'external auditory,' supports the 
tympanic membrane (fig. 25, is). 'Caiste' is the French and 'pauke the Gei^ 
man equivalent ; but Cuvier more commonly uses the phrase ' os ^rmpanioue.' 
The chief point, in reference to that term, as applied by Cuvier, ftom which 
I find myself compelled Io dissent from the great and ever>to-be-revered 
anatomist, relates to the view which he has taken of the large and long pe- 
dicle which supports the mandible in fishes^ and which, in that dass, b sub* 
divided into sometimes two, sometimes three, and commonly into four pieoea. 
I regard this subdivision of the elongated supporting pedide as explicable 



powerful movements to which it is sulgect in the transmission of the rnpi- 



I ehiefiy, if not soldy, by reference to a final purpose, via. to combine strength 

' ' with a certain dastic yielding and power of recovery, in the constant and 

,ili ■ 



restored the tenn ' ooronoid' (eonmoidatmf si') io place of * eomploDeBtej/ 
for the piece into whidi the croCaphite moaele it always mora or 1cm iaacrtei 
in the mandible of reptiles. There k no gronnd for distnrlnn^the appropt la ta 



names gtren by Cnrier to the parts of the diveiiging appendm of the tjt^ 
pmo-mandibnlar arch in fishes; and the same principle which he has adoplad 
in dtttingnishinff the different operenlar bones (fig. 5f s«-sr)b has nided BO 
b naming the different narts of the bony pedide which supports theok 
I have gladl? adopted as many of the weU-devised terms whidi GeoAoy 
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hitory enrrents, and in the nrdiension and degfaititlon of tha food. Cnvler 

himself regards in the same light the analogous subdivision of the mandibnlar 

or lower wf of the arch, and both Conybeare* and BocUandf haTC wcB 

iUostrated the final purpose which the snbdivbioo of the lower jaw of tbo 

Crocodile into overlapping pieces, subserves. Cnvier has given distinct and 

convenient names to these several pieces of the mandiUci but he views thesa 

collectively as answering to the Mmple mandible of the mammal and the bird. 

It in like manner, regard the subdivided nedide supporting the mandible im 

fishes as answering to the undivided pedicle supporting the mandible in ophl* 

dians» lizards and birds. There is the same neceMity or convenience lor a 

distinct name to each distinct part of the tympanic pedicle, or upper part of tba 

tvmpano-mandibular arch, as for the divisions of the mandible or lower part of 

thstarch. But Cuvier unfortunately persuaded himself thai the subdi^sioaa 

of the tympanic pedicle in fishes represented other bones in higher vertebtatea | 

besides the tvmpanic, and applied to them the names of such booca. I hav« ' 

been oompdted, therefore, in dissenting from this view to nropose new namra n 

for the peculiar ichthyic subdivisions of the tympanic, and in doing so I havt ' 

been careful to retain the dominant term, and to distinguish tM patia bf * / 

prefixes indicative of thdr relative position. Time and the Judgemcat of I 

succeedinff homologista will determme the accuracy or otherwise of thia y 

view ; an{ ahould it be ultimatdy adopted, I feel graat confidence that tlio A 

terms ^epitympanie' (epi^^mpatdemMf Lat, fig. 5, isn), mesotympanle (flMi»» ^' 

*— — '^-"— ssA), pretympanic { pn ^ mp a M uaum^ ise) and hypoUmpaaia 

ieuM^ im), will be preferred to the names proposed by GeoAw , \ 

^C Hiiaife for the same parts. With regard to the subdivisions of the bmo- i 

diUe in cdd-blooded vertebrates, I adopt most of those proposed by Cuvier. 
As, however, ^operedaire' had been applied by the great >■*— ^— ttf to a 
distinct bone in fishes, it was necessary, in order to avdd its use in a doabia 
sense, to substitate a distinct name for the part of the jaw ia qnestioa, aad aa 
it is dwap applied, like a surgeon's splint or plaster to the inner sida of aMMt 
of the other pieces, that of *splenid' (yfatma, Lat, figs. gfcgS, sQ eagasate^ 
itsdf to me as the most appropriate name. For an obvioaa icaaon I hava 



proposed for tlie elemento of the hydd arch, as his unsteadiaem ia their apL 
plication would permit to be retdned. lliey are obvioudy preferable to dU 
descriptive phrases by which Cuvier designates the hoaidogoas parte. 

The substantive terms applied to the corresponding divistona of the bma- 
chid arches have been meddled on those of the hydd system ; bat I hasa 
deviated in one instance from the rule which haa govenicd thitMighoal mtf 
nomenclature of the bones, in proposing a second name for a modified honw 
loffue in the air>breathina animals, of a part of the branchid ^iparatw ia 
fishes, via. that part which is retdned even in the human hydd, aad whU 
is known in anthropotomy as the * oa laterale linguale^' or ' coraa BH|{aa oaib 
hyoidd ;' for this part I have propoeed the name < thyrdhyd,* for the lUMoaa 
assigned in the note (S) to TsMe L 

The names assigned to the booea of the acapnkrareh(figa.5» 98; SS^M^fiS^ 

•G«sLT^«M^vd.v.p.S«. tBri%swalerT^«etti^vsLLfLllC i 
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SS»M-M)«iid lttappeiidiigw(A.t»-M)agrMto doidj witk thoM whU 
they bftTe alwaya borne ai to ra|oiM no espkuutioB ben. The ehief 
•orprito of the enthmMtomiit will be oeceskwed bj theb being indoded 
amoogal tfie booet of tbe heed. Thai the upper or peetonl extremity 
and its supporting arch fbrm adnally paita oi the int^ral oeeipital eeg- 
of tbe sknll, will be proved in the memoir on the generd homologice 



of the bonei of the head. I may* bete, howevery in refmnee to the 
nlflA* and * f«diai»' request the anatomist to eompaie the skeletons of the 



perch or cod with that of the porpo i se. The peroral extremity b in the 
form of a fin, and in both fish and marine manmud it b applied, in a state of 
rest, prone to the side of the trunk ; fai thb position it wUl be seen in the 



De^AmuMf that the radius b downward, and the ulna with its prqjeotittg 
olecranon upwuds. I take thb as the guide to the homology of tbe two bones 
that support the carpal series of the pectoral fin in fishes. Cuvier, however, 
gives the name of ^cubital,' periiaps on account of its angular olecranoM 
prolongation, to the lower bonc^ and 'radial* to the upper bone: and in 
these determinations he b followed by If. Agassis. Both bones coalesce 
with tbe supporting arch in the lophius and some other fishes; and since, in 



the lophius, two of the carpal bones an unusually elongated, Geoffiroy mistook 
these for homoloffues of the radius and ulna. The condition of the pelvie 
member or ventru fin is, in fact, hero repeated in the pectoral; there being 
no homologous segment of thigh or leg mteiposed in any ventrsb be t wee n 
the supporting (pelvic) arch and the fin-rays rep re sen ting the tarso-mo- 
tatarse and phalanges. The eailier stages in the development of all kw^ 
motive extremities are permanently retained or r epresen ted in the paired fins 
of fishes. Tint the essential part of the member, the hand or foot, appearat 
then the fore^mn or 1^; boUi much shortened, flattened and expanded, as 
in all fins and all embryonic rudiments of limbs: finallv comes the humenl 
and femorsl segments ; but thb stase I have not found attained in any fish. 
It b with considerable doubt that f plaeei qualified by a note of interrogn- 
tion, Cuvier^a ''trolsi&neosqnt portelanagoirepe^orsle'asthehomologue 
or rodimental representative of a * humerus? Normallv, I believe thb proxi- - 
mal member of the radiated i^spendage of the scapular arch not to oe di» 
stinctly dindnated from that arch in the dam of fishes. The Siluroids are 
examples of a similar conflaence of the fiist segment (preoperculnm) of ^ 
diverging appendage of the tympanic arch with that arch. With regard to 
the lower, distal or apical element of the scapulo-coraeoid arch, always the 
largest bone of the arch in fishes, Cnvier^s idea that it b the * humerui^* fiur 
Bern accords with the law of the devekpment, Uie oonneetiou^ and the essen- 
tial nature of that bone^ than the more prevalent view, that it represents the 
davlde: a view entertained by Spix, Meckel, and Agamis, by Wasner^ 
who calb it * vordere Schliusdbein, and by Geoffiroy, who calb it * furoulaira.' 
I have, however, been induced to regard the lower element of the scapular 
areh, in fishes (fig. 5, st), as homologous with that bone, the * coraooid,' which 
progressivdy acquires a mora constant and larser devdopment in descending 
mm mammals to flshes» and which b manifestly a more essential part of the 
arch than the davide, since it b more constant in its existence, and always 
more completdy developed in birds and reptiles ; and especially since it coo* 
tributes more or le« of the snrftce of attadimeut for the radiated appendage^ 
which the clavide never does. With reference^ also, to the Cuvierian deter- 
mination of the hssmapophysbl portion of the ocdpital inverted areh in fi^es, 
thb b unquestionably as essential an element of the areh as b the *coraeolde' 
in other vertebrates ; and it b the most Important part in the piscine dase^ in 
' of which does it present the dightest lyproach to the character of 
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a diverging appendage^ lueh at the Immenis ettentiallT iii whcnerer k has as 
independeDt existence. Bj fome iehthyotomistiv the booe which I call coi»» 
coid (n) haf received the special name of 'coenostiaoB.' ^ 

Cttvier'a usual judgement and acumen seem to have been in abejanea^ i 

when, having determined the rajs of the pectoral 6n to represent the bonca 1 

of the hand, and the two bones which support them in fishes to be those of ! 

the fore-arm, be concluded that, therefore, the great bone which completed 
the scapular arch ** r^pondra done n^cessairement k Hmm^nis.** — But dm \ 

Poisionst 4to. i. p. 274*. The great anatomist asMgns no other reason: bnt * 

the arch supporting the ventral fin does not neoeMarilj answer to the tibia | 

or the femur, because neither of these segments are int e rpose d between the J 

arch and its appendage — the modified foot. The scapula of nmny leptilcs^ *i 

especially of the batrachia, b manifestly, he proceeds to states composed of \ 

two bones. But in those reptiles the arch is completed below br a tUrd 1 

bone, which neither Cuvier nor any other anatomist has called * hnmerasu' '^ 

NowCuvier's *humerale' in fishes predselv answers to that third bona !■ 
reptiles which he rightly calls the ' coracoid in that daai. * 

The coracoid of fishes being thus determined, it necessarflj followa thai * 

thst inconstant bone, or pair of bonee (m) posterior to it on eadi side^ cannol 
be» as Cuvier, Geoffroy, Meckel and Agassis have supposed, the repccseoti^ 
tive of tlie * os coracoldien' of the reptile and bird. It holds, indeeiL •• th«f 
have said, the same relative position to the booe st, here called ooraeoi^ 
which the coracoid in the lisard and bird holds to the clavicle in those aid* 
mals. But is no account to be taken of the remarkably though uormaDj ad* » 

vanced position of the vcapulo-ooraooid arch in fishes? Granting, as I shaD i 

give evidence to prove in treating of the general homologies oftba boncib 
that the bone (m) called by Cuvier 'coracoldien* in fishes appertains to a 
vertebral segment posterior to the oocijntal one, yet in the extraordmary bae^ 
ward dbplMement which the tme scapulo-eoraooid arch undrigoes io tlM 
air-breathing vertebrates, may not the relative position of ss to that arA 
become revened, and the part which is behind in fishes become befeva is 
birds ? I entertain no unmeet confidence in the correctncas of my view of the 
special homology of Cuvier's * os coracoldien' in fi«hes nith the fbreulom or 
* davide' (fig. 25, 52') of air-breathing vertebrates: the argument agafaiBtawb 
a view, from its posterior position in &hes» has not, however, the same weight 
with me as it appears to have had with Cuvier and his followeiB : and, leaving 
this as one of the undecided points in special homology, with the proposithm 
of tlie provision^ name of ' epicoracoid' (qneoraeoidemmt Let) for the pfaMelaa 
bone in question, I proceed to coonder other nnsettled points of qiecial ^ 
logy, for the determination of which there are better and snrer 
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Moot CoMM of Special HomologfyM — The first discrepancy, demaadingpaiw 
ticular consideration, which meets the eve in the Tablb L b that which 
relates to the determination of no. s. The German authorities r^rd what 
I believe to be the homologue of the human * ala migor sphenoidalia' la 
the cold-blooded Vertebrata, to be th^ homologue of the * para petrosa onb 
temporb.* Cuvier riahtly recognises the * grande aile do sphteoldo' la j 

mammsls, birds and fishes, biit regards my * albphenoid' in reptiles m the 1 

* rocher' or 'part petrosa.' GeoffV^ concars with Cuvier and the GeivMB f 



anaiomists so fiur as to view mr 'alisphenoid' in the Crocodile aa a 

memberment of the petrosal, calling it ' pr^pdal ;* but he recognises^ Vkm \ 

Agassis and Cuvier, the true albphenoid in fishes, and with them diflhra \m • 

that reqpect from the German honsologists. It does not appear that tlia 
alisphenoid has been mistaken for any other bone than the 
the question to be determined, therefore, is^ What are the 

cS 
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netert leipeetiTelj of tlie *alitpheiioid' and the * petroial* in tlie Tertebrato 
•eries? 

Those of the alitpkenoid appear to me to be the following : — Ift* its eon- 
nection below with the batisphenoid and behind with the petrosal, where It 
forms the forepart of the * otocrane' or cavity for the reception of that osseona 
or cartilaginous immediate capsule of the labyrinth or internal organ of hear- 
ing: the alisphenoid is also commonly, but not constantly, joined before 
with the orbitosphenoid, and above with the parietal: it has other less con- 
stant connections with the squamosal, the exoccipital, the supraoccipital and 
the basioccipital : Sndly, with regard to its essential functions, the alisphenoid 
protects more or less of the side of the mesencephalon, or (in mammals) of 
the middle lobe of the cerebral hemisphere : it gives exit, by notches or fora- 
mina, to the third, and usually, also, to the second divisions of the trigeminal 
or fifth pair of nerves. 

The essential character of the petntal is to envelope immediately the 
whole of the vascular and nenrous tunics of the labyrinth or internal organs 
of hearing, either in a membranous, a cartilaginous or an osseous state; 
its histological condition being much lem constant than that of the alisphe- 
noid. 

On viewing the alisphenoid on the interior surface of the human skull 
(fig. 6i m)» it seems to be the least significant and important part of the lateral 

Fig. 6. 




walls of the cranial cavity : it forms their smallest portion : it b much sur- 
passed in extent by the squamosal (tft. ») and the supra-occipital (tft. t\ 
and still more so by the enormously expanded parietal (t) and ^ntal (it). 
Nevertheless we find it connected, aochylosed indeed, bdow to the basispbe- 
noid (•), bounding anteriorly the space into which the petrosal (is) b 
wedgMl; connected in front with the orbito-sphenoid (is), and usually 
articulating by its superior apex with the parietal : I purposely omit the 
mention of other connections of the alisphenoid in Man which are less 
constant In the vertebrate series. But it b important to observe^ notwith- 
standing the displacement which the albphenoid has undergone through the 
intercalatioo of the extraordinarily developed squamosal Into the latenU walb 
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of the craninmt that it it still perforated hj the third (lA. ir) and eeeond * [ 

divbions of the 6(Ui or trigeminal nem» " \ ^ 

In tracine the alUphenoid downwards through the mammalian seriM* weean* t 

not but be impressed with the conviction of its true character and imporianoa 
as an essential part of the craniuniy from its constancy in the formation of its 
walls, and bv obsenring that, whilst Uie share which the squamosal takes in them 
progressively decreases, — ^until in the sheep, for example, it is quite exduded 



V«tkall«gitedbalHetk»«ritecniSMi«rftah«p(0>iilrte). I 

from the cranial cavity,— that of the alisphenoid (fig. 7, s) increases as the 
cavity itself diminishes in size ; and, further, that tiiis increase is not aoeom- ) 

panted with any material change in the rdative size of the alisphenoid to the 
basisphenoid. The share which the alisphenmd takes in forming the ante- \ 

rior boundary of the otocrane increases; as does also the extent of its supe- 
rior connections, especially of thai with the parietal (r). It u important, 
in tracing these modifieaUons, to note, also» the change in the relative positioo 
of the foramen ovale in the msmmalian series. In Man the foramen ovaW 
(fig. 6, Ir) is dose to the hinder border of the alisphenoid ; and la soom 
quadrumancs the third division of the fifth escapes through a notch in dia 
same border. This position of the foramen ovale leUtes to the alisphenoid 
being pushed forward by the intrusion not only of a large ossified petrasd 
(is), but of a still krger sauamosal (»). In the sheep^ however, the form- 
men ovale is no longer at the posterior margin ; but, the alisphenoid, having 
retrograded by the recession of the squamosal towards its more normal es- 
tenor position in the vertebrate series, the thini division of the trigeminni 
now perforates its middle part (fig. 7. ir). It may be observed that, eoD- 
comitantly with this retrogradadon of the alisphenoid, the orbito-rabeBoid 
(16. It) acquires burger proportkmal dimensions than in Man (fig. $, is> 

In the bird the alisphenoid (fig. 8, s) is recognizable by the repedtioo of 
the connections which it presented in the sheep; the squamosal beUig quite 
exduded from the cranial parictes, and, indeed, never i^n presenting ilsdf 
10 the capadty of a cranisi bone in any of the oviparous vertebrates. The 
alisphenoid (fig. 8S, s) is in contact posterioriy with the petrosal (A. w\ 
which soon become anchylosed with it, as well as with the exocdpital (t\ 
mastoid (s), and other bones forming the cavity for the reception of the caiw 
capsule, in all birds. The aliq>henoid further manifests ite true homology io 
the bird by its other constant character of transmitting the third and also die 
second or maxiUary divisioa of the trigemind nerve ; which divisions, in the 
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Fig.& 




yoang ostrich, I fomid dliUnctly perforatiDg the middle of iu lower border 
(fig.C •» ir). The ali«pheDoid u deeplTimprMMd by the chief ganglions of the 
mesencephaloiit viz. the optic lobes. The prosencephalon or hemispheres are 
still defended principally by expanded parietals (io,t) and frontals (i6. ii)^. 
In the crocodile these spines of cranial vertebrss are much restricted in 
their development, and a larger proportion of the hembpheres is defended 
by the orbitosphenoid (fig. 9, it), which here surpasses the alisphenoid (ib, s) 
in size. This» however, still performs iU essential and characteristic fnnc* 

rig.9. 




tioos of protecting the rides of the mesencephalon, and giving issue to the 
chief part of the trigeminal nerve. Owing to the diminution In size of the 
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petrcMl f iff> and the reteDtion hj a gmt proportkm of thb capnU of Um 

aeoustie ULbjrrinib of its primitire eartilagmoM state, it oecopi c a a amaDer 

iDtenral between the alispbenoid (t) aod exoedpita] (t). It oo loom pro* 

tnidet ai a large boo j wedge (at io figi. 6 and 7» le) into the cranial eavity, 

but permits the alisphenoid to come into connection with the ezoedpitaL 

The resnlt of this further retrogradation of the alisphenoid, in rigard to the 

relatiTc position of the outlet of the third division of the flfth, is ana l ogo m a 

to that which occurs in the sheep. We saw in that nuunmai, through tbo \\ 

recession of the squamosal, the foramen ovale adTanced from the postnkir to | ( 

the middle part of the alisphenoid ; in the crocodile^ through the foithcr ro» 

moval from the cranial cavity of the interposed petrosal, the foramen ovda ii 

advanced to the anterior border of the alisphenoid ; which border, in fiues^ H 

notches, the nerve escaping by a common foramen or * tron du coijugdsoB* 

between the alisphenoid and the orbitosphenoid, the bole, however, being 

principally formed by the alisphenoid (fig. 9ilr). This positioB of the <fof»> 

men ovale' loses all iu value as an aignment In favour of the petrosal ehik 

racter of no. s, by analogy with the position of the foramen ovalo in man 

or the ape, when we take into consideration the necessary eonseqnenoea of 

the successive withdrawal of the squamosal and true petrosal from the inner . 

surfiice of the cranium in descending to the reptilea. The orbitosphenoid I 

^fiir. 9. is\. notwithstandine its neat relative siae. retains all its rmrntisl eh^ I 
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(fig* 9f itX notwithstanding its great relative siae^ retains all its fssrnfiii ehik 

racters: it is perforated or notched for the exit of the optic nerves (op) and ' '\ 

first division of the fifth pair (s); It resU upon the presphenoid (s) Mowt 

aod likewise, through its backward development, partly upon the bariyh^ 

noid, and it articulates with the frontal (ii) above, and alao throo^ tbo 

same backward extension with the parietal (r) ; it constitntea the antorior 

border of the lateral bony parietca of the cranium, which are intempted 

by the orbits, and separated by their interpontion in saurians and fiahet 

from the rfainencephalic part of the cranial cavity (at is, fig^ 9\ The ehik 

racters, in fact, of the orbitosphenoid are so deariy manifested in the oro» 

codile, that Cuvier, having been led by the increased ahara, aa eomparod 

with mammals, which the crocodile's alisphenoid (fiff. 9^ s) takca in the fena* 

ation of the otocrane, to rq^ard It as the petroHU, and yet pe r e d v ia g tho , | 

essential characters of the orbitosphenoid in the bone (A. is) anterior to i^ 

was driven to the oondunon that that bone repraented both orbitoqfiho* 

noid aile orbitaire du sph^nolde'^ and alisphenoid (aHe temporale dn qih6* < 

nolde). The cold-blooded crocodile, however, ia not exaetlr dm aniaud in I } 

which we should expect to find so unusual an instance of obliteration of ' 

sutares, as that between the alisphenoid and orbitosphenoid*. llio actnal 

and most characteristic modification of the orbitosphenoid in fhm crocodila*a 

skull, b its retrogradation together with the alisphenoid, or rather the main* 

tenance of its normal connection therewith 1^ increased antero-posterior 

development, whereby it comes into communication above with the paitold 

(r) and below with the basisphenoid (s); whilst the alisphenoid, in liko 

manner, gains a connection with the supraH)ecipital (t) aboive and the baid- 

occipital (i) below; although it still retains iU more normal relations with thn 

parietal, and rests in great part on the barisphenoid (s)» aa the orbitoapbe> 

noid resU in great part upon the pre^henoid (s.) The auperior 
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tioiM of tlM orbUotpboMid ud albphcnoid are alwaya 1cm ooMlaiit tfcu 
I tMr inferior oBci. By Itoe latter rhanirteffa, and itai better by their nerw' 

I uatleti and tbeir rehtioni to the primary divisions of the encephalon» are 

they rightiT and trulv dcteraunaUe. The Gennan aathon who have fol- 
Idwed CttTier in his views of the special hoaology of the aHsphenoid in fcp> 
ti)es» are more consistent than the great Freneh anatomist in regard to tho 
idisphencM of fishes. Dr. HaUmannt aoeeptiag Coner's characters of the pe- 
troMl. taken from its intenial position and lodgement of the whole or part 
of the labyrinth^y naturally applies them to the alisphenoid in fishesi and 

iadds to the grounds for regarding that bone as the * petrosal,* that it is in 
Bome fishes perforated by the opercolar branch of the great trigeminal nenref. 
Bat. admitting the honwlogy of the opercular nerve with the facial nerve of 
mammals, yet its wider homology and essential character as a motor division 
j' of the great trigeminal nerve must not be lost sight of: its oricin in doto 

s contiguity with tita great sensory portions of the trigoninal in fishes accords 

\ belter with the chaiacterof that oenre as the great ^ual nerve of the brain, 

[| than it usually preients in higher dasses; and it is surely no important de- 

paitare of the alisphenoid from its normal character, that it should cive exit 
to both motory and sensory divisions of the great nerve with which it is so 
\ intinmtely associated from man down to the fish. Indeed, the p rogr essi ve 

( withdrawal of the bony petrosal from the interior of the skull and &e con- 

ji comitant backward extensioo or retrogradation of the albphenoid, ought to 

prepare us to expect that nerves which traverse the petrosal in manimala 
\ should perforate the albpheuoid in rrptiles and fishes. And so we find 

|. in the carp that the glosso-pharyngeal even perforates the posterior border 

i ' of the ali^henoid; but ite ori^ dose to the acousUc and facial nerves 

j in fishes diminishes tho force of the argument which might be drawn from 

this exceptional perforation in favour of the petrosd character of the ali* 
sphenoid. I concur entirely with Cuvier and M. Agassii in thdr determi- 
j, nation of the disphenoid in fishes; but, if the great share which that bono 

I in reptiks f figs. 9 and 10^ •) contributes to the formation of the otocrane^ 

if the antenor porition of the foramen ovde, and Ute superior connectioo of 
I the bone with tiie sopra-ocdpital, are ptoofs (as Cuvier believed) of its homo- 

I logy with the petrosd in the dass BeptiHa^ they ought also^ as Hdlmann and 

Wsgner coutoid, to establish the same spedd homology of the bone (fig. 5, •) 
in the dam PUeei. But none of these are essentid characters of the petrosal* 
The petrosd b a twUtminm and not a paries^ or any part of the parietes of the 
otocraneor cranid chamber lodging the organ of hearing: it is the outermost 
tumc, membranous, gristly, or bony, of the labyrinth or essentid part of the 
acoustic organ. Hid the above-cited anatomists clearty appr»eiated the 
penerd homology of the petrosal, they could scarcely have failed to detect 
I I , Its spedd homdogies in the vertebrate series. Cuvier was evidently guided 

V It to the true determination of the disphenoid in fishes, lem by its own essen- 

' ' • tid charactem, than by observing in certain fishes^ the perch and cod for ex- 

' r ample, a partial ossification of the acoustic capsule^ to which, therefore, he 

^1 , assigned the name *rodier.' And, having thus satisfied himself of the ex- 

istence of the homdogue of the 'part netrosa,' &C., he codd not but assign 
to the bone which rerted bdow upon the bausphenoid, which protected late- 
rdly the optic lobes and gave exit to the third division oifthe trigemind nerve, 
the name of *grsnde die du sphteolde.' But all these chancters eoually 
coexist in the bone which Cuvier cdls ' rocher* (netrosd) in the crocodile and 
other reptilia. He was not aware, however, that in both gaviab and cn>> 
codilca a disthict osdde, the veritable homologue of the intra-cranid pyra- 
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midal-alii^ied peCrotal of mamnyih mod birds» otikca its i _ 
the aliftphenoia, exoccipital and bMioccipital» u at i«i fig. 9^ Hci«b hwreff^ 
it it neoetmy to offer a few obiervitioni on the eenee m whieh I oee dM 
term • petroMl* o applied to that OMide. 

The petrotal, properly lo called, ooondered in its totality, ai the fauQediatelv 
inTetting capsule of the labyrinth or internal oraan of hearing, b wholly cailH 
laginous in many fishes and saurians, and in idl batrachians, onhidiene and 
cheloaians, and is contained in a cayity or orbit (otocraae) wlm» mosl^ or all 
of the elements of the occipital and parietal vertebne eoocar in formSagi A 
part of the ear-capsule remains cartilaginous in the croeodile; bat serefal 
portions become ossified around the semidrcnlar canals and rodiasortal 
cochlea, which ossifications contrsct slender adhesions to the smooth oto* 
cranial surfaces of the snpmoccipital, exoccipital and alisphenoid s and to 
one of these portions (on the pnnci|^e on which Cuvier appliet the term 
* rocher' in fishes) the name petrosal might more particulariy be giTen* aa H 
is more distinct and moreable than the other partial ossifications of the c^ 
sule, and contributes to form the * meatus intemus * towards the cranial csvitf , 
surrounds neaHy the whole of the * fenestra rotunda', and one-half of the * lo- 
nestraovalis' towards the tympanic carity. Looking upon the inner snrfaca 
of the lateral walls of the cranium (as at fis. 9), one sees at the bottom of i 

the T-shaped suture* uniting the otocraniad lamins of the ezooeipital, all- 9 \ 

sphenoid, and supraoccipital bones, a fourth osseous element (isX presently ' 

a convex extremity towards the crai^ cavity, and completing^ witn the exooe^ { : 

pital, the lower half of the foramen for the nervui vagus. If this little bone , j 

be pressed upon with a needle or prober it yields and moves, being divided ( 

by smooth harmonise from both the exocdpital(t) and alisphenoid (j}» } : 

The protuberance in ouestion, which thus projects into the craniu cavl^^ J ! 

is the rounded angle of the border of the inferior plate of the petrosal»whldi | ! 

joins the exoccipitaL This lower horizontal plate of the petrosal forma tha \ j 

upper wall of the ' fissura lacera posterior,* and the lower wall of tha * fenestra ^ i 

cochlea': the fore-part of the horizontal phde bends upwards^ twisting 
and expanding into a vertical oval plate, articulated by its anterior sarfima to 
a correiponding sutund surface or the alisphenoid. The lower margin of 
this plate forms tha upper boundarv of the ' fenestra eochlese^* and is eoD- 
tinued into a thin plate of bone which divides tha * fenestra oocUea' fkom Uia 
' fenestra vestibuli above. This thin plate of the petrosal joins and b usually 
anchyloscd to the exoccipital : it b the only part of the true petrosal notioM 
by Cuvier, who describes it as a slender filament of bone which separatea 
the two fenestra f. Seen edgewise, looking into the tvmpanie cavi^i t^ 
plate appears like a filament : and thb pbte forms the soke oonneetion, whca 
any exbts, between the petrosal and the exoccipitaL I have alwavs found 
the sutures persistent between the petrosal and the alisphenoid. The upper 
border of the ' fenestra vestibuli' b formed by a petrosal, or rather otoen^ 
nial, procem of the alisphenoid. 

llie part (fig. 9, is) entering into the formation of the btend waDa of tha 
brain-case, and which b here specblly indicated by the name of "petmnl,* 
seems to have been overiooked : it is, however, relatively to tha t&fheuM 
or exoccipital, as large as b the petrosal ([Cuvier^s rodier^ In the perch i H 
has a true osseous texture, and b quite distinct from the lentieular masa of . 
calcareous matter in the a<yaceBt cochlear chamber which Cuvier comp 
to starch ('amidoo dnrel'). 

* Sntore k trob hrtadics, Cvrisr, t e. a. Itt. 
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Notber the Sgnie of the interior sarfaoe of the ennittm of the croeodilc^ 
whidi Spiz gires M thai of the Kilolie ipeetcs ia hit great 'Cephalogeiicdi»' 
tabuiL^. 6;DorthefigiiregiYeabjGcoffrojofthesiuinof hit OroeotShu 
tmtkmt hi tlie ' Aimaka det S cie nce i ,' toon. iiL pL 16» fig. 8; oor that of the 
Ooeocfiiacf ^ y orm lu t, wlueh iilastratea the later memoir by the same author 
in the <M6moira de FAcadtoie Rojale det Scienoea,' t. ziL (18SS), pL 1, 
fig. 8.; nor that (if it be an original fignre) pnbli«hed bj Dr. Hdlmann in 
h» * Comparative Anatomj of the Temporal Bone' (taf. iiL fig. 49)t give any 
indication of thii^ in the determination of the homology of the ubphenoid 
and petrotal, moit lignificant and important ottide. The proof of ita normal 
chiractiT wiO be afforded by eomparitont of the deteription and figure of 
te part here given with a tectioo of the cranium of any true Cro t o dih u, 
AUi^aior or ^viaL In the latter, the otocranial platet of the almhenoid, 
ezoedpital and topra-oodpital, prqect oootiderably into the cranial cavity. 
Any one of thete platet might be called * petiotal»' for tnch reatont at have 
induced Cuvier to apply that name to the alitphenoid in the crocodOe and 
other reptilet*. We find, indeed, that GeofRroy hat applied the equivalent 
term, by taint, to each. But the true idea of the petrotal thoold include all 
thote grittly and bony partt of the immediately invetting captule of the la- 
b^nath which occupy the otocranial ezcavationt of the ezocdpital, tupraoe- 
apital and aliqihenoid ; and at the omified portioot of the true petrotal, in the 
eroeodile^ utuaDy contract a bony union with the parietet of the otocrane, 
an these bony portioot of te hnmediate captule or the labyrinth might be 
called ^petrotal procetKt' of the booet to which they retpectivdy adhere. 
That portion which nnttet to the ezocdpital it attached by two lamdlte ; it 
formt a great part of te cochlear cavity, the lower half of the potterior temi- 
drcular canal and the hinder half of the external or upper temidrcttlar canab: 
that plate which bdongt to the tupra-ocdpital it attached to itt otocranial 
aorlSMe by three nointt, and formt Uie upper third part of the anteri<nr temi* 
circular canal and the crut of the potterior canal which communicatet there- 
with : that part which adheret to the iditphenoid formt the anterior crut of the 
anterior (in Man tuperior) temicircular canal and the anterior b^inningof the 
external canaL The proper and utuallydittinctbooT portion of the petrotal 
(fig. 9^ itX wUch articniatet with both alin>henoid and exocdpital, formt 
part of the * meatut intemut,' nearly the whole of the < fenettra cochloe,' and 
half of the * fenettra vcttibuli ' : it can only be regarded a * petrotal proeett* 
of the exoodpttal by virtue of the very limited anchyloab occationally coo- 
tiacted by the thin plate dividing the two 'fenettne,' along with the true 
procem of the exocdpitalabove detcribed« 



petrotal procem 

If we eompaitt with 
the inner waDofthecro- 
eocfile't cranium that of 
an ophidian, tfie python 
for example (fig. 10), we 
1 the walk of the 



Fig.ia 



of the labyrinth to be 
eontiiboted by the ez- 
ocdpital, (t) topm-oe- 
cipital(t)andafiqihenoid 
(t) in neatly equal pio- 
portiona;thebntioedpi- 
tal OX alto, bdag no. 
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eeitoffy to tbeforaiatioDortIielloorortliecar.€lianiber: the tkiee piiaci|Nil 

boDct are unitedt ai in the erooodile» by a triiadiale wtu^ The pftnwal, 

which* like the ■qnemoMl* wet gradnallj mora and mora withdimva and 

shut oat from the eranial caTitj* at wedeeended from mammaK now cntMf 

dimppcart from view : and it retains its primitive eartilaginoos stale In aei^ 

pents as it does in chelonians» lizards and batrachiana. The pssrntia! dm* y 

racten of the ezoccipital (t) are manifested bj its rdative powtioo and eoD- 

" ' fi«t 

4 
t 



nectioos ; bf its affording e&it for the vagal (v) and hypogiosml (Af ) nenrei^ • | 

and by its protecting the sides of the epenoephaion. The adplwDeid (s) ia 4 

not lem clearly indicted by its constant and essential ch aracte r s ; it rmts bew w 
upon the ba«sphenoid (•)! it articulates above with the parietal (rX tad 
rtilaginons petrosal ; but the otocranial plate bci^ as in 
ually extended backwards, unites with the barioec ipit a l 
I and supraoccipital (s), in almost equal pro p ot th ms» and 
erforated by the acoustie ncnre (ot\ Its diief fbnmen 



behind with the cartilaginous petrosal ; but the otocranial plate bcii^ as in 

the crocodile, unusuall; ' 

(i), ezoccipital (s) ani 

becomes directly perforated wj »«« wkwiwhw »»*« \^i^ «- ^^""^ ■wwhmp ^, 

(ir)^ however, is, as usual, that which answeia to the.mameB <»?ale in the f 

human alisphenoid, and which gives passage, as in ilslics, to the great third I. 

division of the fifth, and to the brsnch which is homologous with fhm IJ 

contribution by the fifth to the 'nerves lateralis* in many fisfae% and al f 

thesame time with the nerve called* chorda tympani* in anthropolomj* \ 

In the frog I have given an eztemal view of the afisphenoid (s) and the J! 

cartilaginons petrosal (is) in their undisturbed connections^ in fig. Id» with j} 

the surrounding bones. The alisphenoid is here perforated, as in Mia% bf .1 

both a foramen ovale and foramen rotondum (irJ) : it forms posteiioriv tM * i 

fore-part of the chamber for the cartilaginous petrosal, and usually eoalmcm • |* 

with the mastoid (s), which overarches the petrosal : the back imll of the : 

otoerane is contributed, as usual, by the ezocd^tal (t); the floor by the ' 

homologne of the coalesced besisphenoid and basmccioitaL Had the enter 
pirt of the petrosal (is) been the scet of a partial ossification, a bone wodd 
have resulted corresponding precisely with Cuviei's * rocher* in the cod and S| 

perch : but the immediate capsule of the labyrinth retains the same histokK •! 

gical condition in the batrachia as it does in the carp and pike^ and as in tfw ] 

salamandroid polvpterus and lefndosteus: in the latter fish, at bmbI» the only 
ossified part of the petrosal forms a small bony eup coveri^ the posterior 
extremity of the outer semicircular canal*. 

The attention of the justly celebrated ichthyotomist of Neodiatcl appeara 
to have been too exclusively occupied with the persistent embrvonie condl* 
tioo of the 'petrosal' in these highly organised fishes, to gain that true and 
clear idea of the essential nature of the petrosal of whiehlts partial ossifica 
tion in the perch and cod is indicative. Adopting the opinion of Cavier, in 
preference to that of Meckel and Hallmann, touching the special h 
of the alisphenoid, M. Agassis originaOy di v e rged into the opporito 
of repudiating altogether the exlstence4if a petrosal in the dam of 
Thus, he says, ** U devrait suffire ce me semUe do voir Foigane do Fonla 
prtenter des modifications gradu6es dans tonte la sMe des vert^ire^ ponr 
se convaincre que le rocslsr n'existe pas du tout ches les poi s so ns , par phm 
que les osselets de la cavity du tympan. SH j avait *nn roelcr ches ka 
poissons^ ce devrait 6tre nn os qui entouierait le lahyrinthe et les eaaans 
semidrculaires; mais nous avons vu que cea partiea de rordDe intma ■• j 

trouvent dans la caviti du erine sans envdoppe oss eu se paitienB^ et priK { 

t%£esseulementparlespanNsdesosqnietttonrentlerocher,laoailciiBlat«*' )} 

• TUicoedilkasaiwmtothstfaithchaMBCBhiToof iboataeimrthMaA,iB«y* 
s lieht porow bony omt hsgiM to bt iwmd epoa the cochim Sid 
eowMMiH ^Hih &• Ml« sad npw OMS, tbe mt of ths MimnI bd 

t UA/ufhm tm hi Paliinsi fmOm, torn. ?. fw tC 



I 



OW THB TBBTBBBATS 0KBLBTO]f. 

M. AgMds b peritelT Mcwato n Ui dniMlcr of te peliMl. 



to hs Ktalive jKMttioii, M completclr isTcrtiag Ihe CBtm 

r cuMb arc ma iotcsfaiit ptrt m all fw t ebfatei 



Irf the waj, the leaueire 



mud the hrg^ put io fishes); but he tehee e narrow Yiev of ite hkto- 
logiealehancten;. ThetderotiebaotleiecMCBtienyaaderotieiBtheihaih, 
where it b caitaaginoiM* thaa it b in the eod, wlim it b e»eoiM ; neither b b 



leie the eye-ca|Kole and hemotjpe of the pctroni io the mammal becaate H 
lelaiiM the earliest histologieal eoodition or the tkdetOB, via. that of a fibnma 
Bsemluaiie. And, in poiot of fiiet, io those fishes where the essential ^arta of 
the Intemsl organ of hearing a|ipear to be proteetcd solely by the panetca of 
the booesy whidit in the aniomb where the petrosal b ossified, or, an M. / 
|| expressca the fiiet, * exists,' sarTOondaoehDetrosalv the vaseolar and 1 



parts of the labyrinth are aelnally in aoeh fishes more immedjatrly envdened 



. by the petrosal in its membranona or cartilaginons states. Whatb^ 

t| to the petrosal in fishes is, that it b never entirriy ossified; and, fnrthermora^ 

'■ that whenever it b partially ossified, the boaypsirtb external and mcar-'*" 

the outside of the sknO, instead of the inside ns in eroeodOes and btrds. 



In chelonians a brper proportion of the petrosal intervenca between the 
alispbenoid and exoeapital npon the inner nidi of the eranial eavity than in 
croeodiles; bat it bwbony cartilaginons. la birds^ on the eontrary, the whole 
petrosal capsnb of the oigan of neariM soon osnfies and beeomes firmhf 
an^ylosed to the parts of the exoeeipital, mastoid, alisphoioid and bast- 
Mhcnoid thai form its primitive rbamhrr or otoerane: owing, however, to 
the larger relative sise of the ossified part of the proper capsule (petrosal 
proper} which penetrates the cranial cavi^, none of the sorroanding bones 
i which contribote accessory proteetion, have received the name of 'roder/ 

). orjmrs/Mlrosa. It was chiefly throngh not recognizing or appreci a ting tim 

general naUire or homology of the 'petrosal* that Cnvier failed to perceive its 
H mdal homology in reptiles. Speaking of the skoll of the erocodileb he s^a 

that the petrosal, or 'rocher,* b not lem recognisable than the 'tynmanie* 

hy its internal pooi* 



and other so-called dismemberments of the temporal ^ ^ 

tion, by its lodging a great part of the labyrinth, and by its oontriboting 
essentially to tbe formation of one of the feneatrm (Lcn, 81). Bat the 
part in the crocodae which I regard aa homologons with Cnvier*s * roder* 
m the pereh, b mora completdy internal in position than b Covier^s so* 
called * rocher ' in the crocodile : it cootribates a greater sharo to the forn»- 
tioB of the «fenestra vestibali,' and it forma almost the whole of the 'fe- 
nestra cochlem.' I have never found the aliqihenoid ^Cnvier^s *roeker') in 
the crocodOe^ lodging a great proportion of the bbynntb* : the otocranial 
or petrosal procem of t£e alispbenoid lodges a part only of the anterior 
semidreolar canal, and no part at an of the other senddrenlar canala. The 
exoccimtal b that tributtt7 of the otoerane which lodges the migor part 
of the labyrinth ; it contains, for example, parts of two semldrcnlar caaab, 
and the rndimental cochlea: and, when the middle, usually ifistinct part 
of the petrosal b joined to it, the cxocdpital may be said to form the 
whole* fenestra codilcm' and a greater part of the 'fenestra vestibali.* We 
see, then, thai the charaelem by which Cuvier deems hb 'rocher* to be so 
ea;rily reeogniable, are mora prominent in the cxocdpital than in the all* 
rafacnoid : and the choice of the latter by Cuvier as the representative of 
the 'rocher,' seems chiefly to have been influenced by the more obvious and 
omnistakeable essential (neurapophysial) dmracters of the ' ocdpltal latfad* 
(1^ 9» tX whilst the accessory character which thb bone derives from ita 
loi%ing and beconiing confluent with part of the true petrosal, was not allowed 

• -nbfssagnBdsf«tbbUbyiialhi|,*t&p.tL 
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to prenul, m in the case of the alifphenoidy inthedetenninalioiiof Itstpeeiel 
homology. 

The iupnoccipital, bj virtue of its internal position and lodgment of part 
of the labyrinth, has eaual claims to the name of * roeher,' aecording to the 
Cuvierian characten of that bone» and Geoifroj St Hilaire did not make a 
leM ari>ttrar7 choice in singling out this element as *le seul rapUV than 
Cuvier did in choosing the aiisphenoid, or, as anj other anatomist would do 
in preferring anj other element of a cranial vertebra in the eroeodile to 
represent the ossified ear-capsule of the fish or mammal, because portions of 
that ossified capsule are protected bj, or have coalesced with, such vertebral 
elements. Had Cuvier looked bejond the special homology of the bonea of 
the head of the crocodile, and permitted himself to appreciate their higher and 
more general relations, he could scarodj have failed to perceive the oorro- 
spondence of his so-called * roeher ' in batrachians, ophidians, chelonians and 
sauriaos, to the bone which he so well recognizes as ' the great wing of the 
sphenoid* in the perch and cod-fish. 

2%e Mastoid, — In the human embryo of the fifth month a centre of ossU 
fication is established on the outer surface of the mass of cartilage oeea- 
pying the interspace between the basioccipital (fig. 11, i) and ezocdpital 
(t) below, the tvmpanic (ss) and squamosal (sr) in front, the sumaoceipital 
(s) behind, and the parietal (r) above: thb mass of cartilage tndose s the 
membranous labyrinth, about which a liaht osseous crust hw becun to be 
formed ; and, from the centre (s) estabhshed near the outer bolder of the 
posterior semicircular canal, ossification radiates to complete that part of the 
cranial parietes, wliich, in the adult skull, is impremed on its inner suHaoe by 

the great venous channel called ' fossa sigmoidca,' and devdopea from its 

outer surfaoe the ' processus mastoi- 

deus.* The primitive independenee 

of the base of thb process, whidi 

Kerkringius so deariy and aoeuratdy 

delineates in his tab. xsxw.Jig. iiL as 

the posterior of his * tria jpetrosi ossis 

distincta ossicnlaf ,' b a net of mudi 

more significance than its brief and 

transitory manifestation would lead 

the anthropotomist to divine. The 

coalescence of the primitively distinct 

mastoid with the ossifying capsule of 

the labyrinth b very speedy, being 

usuallv complete before the foetus has 

passed its fifth month, and a oom« 

posite * petro-mastoid' bone b thus 

formed, which, retaining its indivi- 
duality in monotremes, marsupials, 

ruminants and manv rodents, pro- 
ceeds to coalesce with the additional 

elements of the * temporal ' bone in man, and with other sommndln^ ciaoial 

bones in birds. In the cold-blooded vertebrate, the mastoid retahiSi with a faw 

exceptions, its primary embryonie distinctness, as an independent dement of 

the skulL In tracing the modifications of thb dement downwards from man, 

we find the external process fiom which its anthropotomical name origlnaled^ 



Fig. 11. 




• Aaaites 
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1 process irom wnicn its antoropoiomicai name oi 

4es Sdsaccs Nstvdbi, t4Mi. tt. 1824, ^ a71,|L It. 
iam AnstMitevB, 4ta lft70^ OitoOfBBb rMan^ p. MH 
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inecMittaiit, its faocUont being tniufenred in man j mammali to another pro* 
eeM» lonietinie* udder-Ahaped, aoinetimef of grnt length (fig. 24> «)» bat 
which if deTdoped from the ezoccipttal» and if repreientra in the human fkuU 
bj the ' eminentia aspera,' &c. of Soemmerring (Tablb L 4)» and by the ^'fca- 
broof ridge extended from the middle of the condyle towardf the root of the 
mastoid process" of Monro (op, eiL p. 72) : but sometimes also here deTe- 
loped, as a rare anomaly, on one or both sides, into a process like a second 
bat smaller posterior mastoid *• The more constant and ciscntial characters 
of the mastoid are its contribution to the walls of the acoustic chamber, 
carried to anchylosis with the petrosal in birds and mammals, and its sutural 
connection in Uie latter with the exoccipital, parietal, and squamosal (the 
•quamo-mastoid suture becoming oblitented in many species, e. p. the bog, 
fig. 124, s, tr) : it is also grooved, notched or perforated by a greater or less 
proportion of the lateral venous sinus, whether thb is continued to the ' fora- 
men jugulare,* as in man, or sends a large division to escape by the * meatus 
temporalis' which forms the large orifice between the mastoid and squamosal 
above the meatus auditorius in the horse and ruminants, and which directly 
perforates the mastoid in the echidna (fig. 18, «)• 



Fig. 12. 




It is important to keep these essential characters stcadOy in view,and to avoid 
giving undue importance to the apophysial character of the mastoid, which has 
led to so common a transference of its name, in the great osteologinl works of 
Cuvier and De Blainville, to a quite distinct element (paroccipital) of the 
crania] wallsf. It is necessary, also, to be prepared for that change of the 

* Tte oonliBaiton of dnricr Bake mcBtioB of an eiaiBple of this kind and nropote thenaiiM 
of * pansustoid ' for the proeeM (Le90iis d'AnaL Conp. iL (1837) ^ 312). I hare obacrted 
it in the tkiffl of a New Zealander and in that of an biiliiiiaih pRsiwed in the Moseam of 

■ ■ ' ■ loeofthc'] 
retain that 

into the 
prooeiaoa jogularii,' ia 



AaatooBj la Riehmond Street, DnhUn. Bdieriiif ittohethc 

(4), which it derdopcd iadependenU j in didonia and oioit fiahct, 
It most Boi be oonfomded with that aagle of the oedpital which 
jugolare ' in the huBaa ikull, and whif has leoeiTed the 
tome ejeteoM of aathrepotoay. 
t How cMCBtial a comet view of epecU hoawlogj 



it: 



1 



to the appradatioa of ths 
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The contioaatoiB of the * Lemons d*AiiAtoiiiie Compar6c^* iDfloenced te the 
htfge proportional lUte of the petvomastoid id the echidna and the ahara 
which it oooaequentlj takes in the formation of the crania] pariete% rappoeed 
it to be the vquamotal: — ^^le T^ritable tempord, qui n'aufmit ponr toote 
apophyie lygomatiqoe qu*un trde petit tuberenle prla de la fhoette gl^noide^* 

liicfaer tow of genenl booiologj may be letrat ftvB tha aralicitioa ^ 
£0maiiiiDaUaBiiiaftoidtotherertttatioBofth0TCrtebnltbMf7«rtbeikalL "OaaoMl 



the TP t«""«w— maftoid to the refiitatioB of the Tcrtebnl theoiyef the tkal 
titmt^ qoclQiie npport entre FapophyM mattmde qvi, dam to plapeit des ttdBm^eMp. 
tieBtiroedpital,etrqwphyMtniiiTenedeX'attoaetdei«dRiTert2hrai MrqaoiflM 
nmaraoer q[iie eci rapporU ton t motodict dam fhomme ^ certafna ^aida qea daiaa ka on^ 
diiipUet, paiMpia I'attoi a'j a ordiiiairaiieiit qa'mia ediaaemra poor to paaaaaa da rartifl^ 
at qua I'apophyaa BMatoide y appaitient entttra an rodiar.''— Samm^ aar to q a n a tto a > La 

criaa aat-fl ima TcrtSbra oa va eompoa^ da traia ea f —' '**^ — ** * --— - 

Comuurfa, t. U. (1837) ^ 711. 

• Iirthaaitida'MoM»CiCBData,'CydoiMedtoar AaateBiyaBdPbyitotogy»1841,Id 
thi peHonaitaU aa tha palroua bona, nudad ^ tha abMBoa af tha atonMd ahancto af tha 



connections of the mastoid, which results from the gradual withdrawal* in the 
mammalian dass, of the squamosal from the proper cranial walls. With maeh 
inconstant of relative sise in the mastoid, of whidi tiie dogong and the walrua 
offer two extremes, we discern upon the whole a progressive increase in de- 
scending throueh the mammalian class: in the walrus, for example, the masteidj 
or petromastotd, forms as laige a proportion of the outer lateral walk of the 
cranium as does the squamosal; and, in the sheep, the removal of the squamosal 
exposes the connection of the petromastoid with the aUsphenoid^ — a retnm torn 
relation common in the oviparous vertebrata: it to shown from the Inner side 
of the cranium in the sheep, in fig. 7, is and s. The mastoid of the eehidna 
(fig. 12, s) preaents a most interesting and instructive combination of both the 
modification of expansion and of that of direct union with the alisphenoid (s\ 
which to here effected by the mastoid plate independently of the petrosal (is>. 
In fig. 1 2 these characten are wdl exposed by the removal of the squaaoosal 
ar, and tympanic as, which retain their primitive independence throughoni 
life in the echidna. If now we compare the bone s and is with the eaiti- 
laginous and osseous mass s and is in the skull of the human embryo (fig. 11)^ 
and allow for the change produced in the position of the alisphraoid (s) by 
the gradual withdrawal of the squamosal far), traceable in the intervening 
forms of mammalia, the special homology of the petromastcNds at the two ex- 
tremes of the mammalian ctoss will be obvious and unmistakeable. The booe 
s and IS in the echidna, fig. 12, to connected below and behind with the basl- 
occipital and exoocipital (a), behind and above with the aupraocdpital (a) and 
parietal (7), in front with Uie tympanic, the squamosal, and alMS as a eonse 
quence of the modified position of the Utter and of its own Increised deva- , 

lopment, with the altophenoid (s). All the connections, save thai with the m 

altophenoid, are identical with those of s and is in the human embiTo: 'and < 

the supervening alispbenoidal connection in the ecliidna affords an additioiiBl 
light to the determination of the bone in the lower vertebrate, since it to a 
consequence of the progressive advance to a lower (oviparous) type^ In the 
descent through the mammalian scale. In regard to the essential funetiopa 
of the petromastoid, we find the petrosal portion inclosing the membianoaa 
tobyrinth, and the mastoidal portion giving exit to the brnd from the gml 
latenl venous sinus and supfx>rting ttoe tympanic*. It will be unneocssaij 
lo dwell further on the brosd and <A>viou8 characten by which the homology 
of the bone s and is in the echidna to establtohed with the equally independent . | 

petromastoid in the sheep and walrus, and with the petromaatoad porlioB of 
the human ' temporal bone.' 
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ty.(18S7)|kS77. TfcU toberfe h tht ntfewlaf tht wiMt oid 
wU^kaokisdy developed biliifdi»aiidwUd^bi the ccUdM, 

fi the tyMeoae eevi^. There is do dkaoid vtiealar tarftee epoB 
tebooesaadM. We find, ob the otiMr iMDd, Oie tqeeBotal voder iti prapcr 
■^,— ^R— ft— «,^ .>^«^^;.->>^ t;tfc « i.«|^««ii .UiiA^^ ■j y> » « iU |iPB Pill , 

aad peifomiiif the fwictMWt pecolier to the date Meaunalie, of seppoitiog 
the vaMUfak t^ the trae glenoid aiiiciikr inrfaee in the eehkiaa (6^. ^ 

Dr. Koftlin, whoee peiutahing end mioately eeewBle dcecriptioa of the 
orteology of the veft^rBte tkall rcsden his coodosioos as to their homo- 
kgics worikj of reqKCtfel considentioo» eoaeors with ase in Rgard to the 
squamosal (a) of the moootmMi* bat regards the bone v-is in the 
echidna as a dismcmbennent of the aliqphenoid. In no mammal, howerer^ 



do we find the aliiphmoid coneei n ed in inwnediatfiy protecting tlie 



100 we nna ine a i wpnrno io c u ueen i eo m immrnircij puMecnni 
enlar canals— this is the fnncfion of the petrosal : in neither 
bifd does the alinhcnoid extend its eoonectioas so lar bad as to the bast- 
cz« and snpia-oecipilals. In the echidna, as in ereiy other mammal and bird. 



the aliqilwiioid (s) exists* czdoiiTelT cxereiMng its essential fnnctioo of trans- 
nutling the third diviaoo of the fiflh pair bj Uie large Tacaity (ir) and with 
its Donnal connections modified onlr, as in the sheep and some other inferior 



, throQgh fhm recession of the sqnamosal, bj joining the mastoid, 
in additioo to those which it nnitcs with in man. I confess tliati can pereeiTe 
no other gain to anatomj bj Dr. Kosdin's new determination of s and is in 
the echidna aa 'hintere Abtheflang des ScUafenfliigds' or «hintem Sdili^ 
feniagd** (posterior a liq i heno id), than an additional phrsae to the synonyms 

The discnwion of the homdlogica of this bone under its modifications in 
the mammalia, and especiilly in the monotremata, will not be deemed snper- 
flttoos or too det^led, when it is remembered how TaloaUe a key the cranial 
oigsnitation of the impiacental nwnotiemes with their bird4ike heads becomes 
to the coBs p rehension of the modifications of the cranial stmctnre in birds 
the msel ves . If we pnm firom te comparison of the echidna's shall, aa ra- 
presented in fig. 1% to that of the ostridi (fie. 8), we shall find theren bone 
(s) articnbled in firont to the afisphenoid (si behind to the exoodpital (t), 
below to the basi-ocdpital and basi-ephenoM, above to the parietal r, and 
coalescing by its inner sorfoee with tae petrosaL The sole modification of 
note in regard to connective diaracten^ aa compared with the mammalian 
petromastoid, is the lomof the connection with the sonamosal, for which we 
have been p rogr essi vely prepared by the conditions of that bone in 



andmonotremes. In the bird this least constant element of the cranial 

I walls (fig. 91, o) has nndergone a fmther degradation, is now dismissed en* 

tifdy frMB any share in the formation of even the outer snrface of the cranial 
I • parietesb and is reduced to its mere xygomatic form and function, serving 

ezdusiveiy to connect the jngal (fig. 91, ts) with the tympanic (ts) ; whi(£ 



ezdusiveiy to connect the jngal ^fig. 91, ts) with the trmpanie (ts) , 

functioo it pci for m s in the echidna and in num, besides other superadded 



arising out of its pecniiariy mammalian cnansion into n scale like 

J or aa compensatory of tftie reduction of the tympanic bone. Dr. 

HaWmsnn, however, in his dabormte monograph on the temporal bone, eon- 

siden the bone s (fig. 8) to be the squamous or xygomatic element, and cites 

the following characters of the bone, in the young cassowary ft as ertablishing 

t( ' its homology with the squamosal:^'* its junction above with the parietal, m 

\\ fnmt with the alinphenoid and post-frontafand behind with the occipital; also 

t J , its formation of the upper bonier of the meatua anditoriua extemns, and its 
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coDtributioa of the articular tarfaee for the tympanie bone^* which sarfroa 
he regards as homdogotts with the glendd caviij of the squamossl fbr the 
lower Jaw in msmmsls. 

CuTiery whose bomologr of na s he thus adopts, describes it Id the bird 
as being on the outer side of the parietal, advancing also to beneath the 
froDtals, oceupving the region of the temporal fossa and siTing oricin to the 
temporal miucle, and as forming the superior border of ue tympanie cavity* 
*< The temporal fossa," adds Cuvier, **» in great part excavated in the tem- 
poral bone, and is bounded behind by a special process which might be r^ 
garded as the analogue of the sygomatic did it not remain far removed fttmi 
the ju^ bone*." The annotaton add, ^ that there are some species of bird 
in which, nevertheless, such svgomatie pr o c c m does approach very dose lo 
thejugalf." 

Iirrt, then, with rmrd to the character whidi appean to have most 
weighed with Cuvier, mm his twice dting it in tiie aoove brief deflnithm 
of no. s,— the marlis of the origin of the temporal mnsde. To coodude that 
the bone impreised fay the so-called * temporal fossa' in the skull of the bini^ 
is therefore the tempord lx>ne, because such fossa impresses a bone called 
' tempord ' in the mammsl, is an example of that fdlaey which logidanscaD 
arguing in a drele. The two propodtions by no means redproolly prove 
each other. Suppose, for example^ that the bone no. s in the bird had beea 
determined, bv wav of sscendve conaparison from the fish (fig. 5) and er»* 
codile (fig. 16), to be the homologue or the bone no.s in those animals^ which 
we will assume to have been rightly cdled * mastdd ' by Cuvier, and that he 
had arrived at the deteimination of no. s in the bird b^ thb surer methodt 
than by the descent from placentd msmmsls ; and supposmg that, having thus 
recognized no. s as the mastoid, the fossa and muscle with which it H in* 
pressed in the bird had been called ' mastoidd ' instead of *tempord'; the% 
ascending to the mammalian cranium, Cuvier might with equd reason have 
sdd that the bone tr, figs. 11 and 82, was the < mastoid,* because it occupied the 
re^on of the mastoidd fossa and gave origin to the mastoidd musde. The 
ongins of musdes are not, however, sufficiently constant to beindnded amoMpt 
the ohancten of connection or function determinative of spedd lioaiologMt^ | 

The transference of the * stemo-mastddeus * from the true mastdd proccsa 
(Man, carnivores and rodents) to the angle of ike mandible (horwX ud to 
both this part and the second cervicd vertebra (mminantsl shows thai the I 

attachments of a musde must lie detennined after the recognition of the boos^ 
and not the homology of the bone by mnsoilar attachments. With the very 
case in question the unoertdnty of the character is illustreted : in the sfcoll 
of the ostrich, for example (fis. 8), the tempord fossa is chiefly formed by the 
coigoined portions of the panetal (7) and atisphenoid(6), which intervene bo> 
tween the mastoid (s) and the poatrrontd, the mastoid formhig not mors of 
the posterior part of the fossa than the postfrontd does of the anterior pait^ 
Dr. Hallmann probably appreciated the unsoondness of the aiwameBt Inmi 
the muscular impression, smoe he does not dte it; he repeats, however, the 
\ charseter adduced by Cuvier, from the relation of no. s to the tjwomailm 
cavity, or as Hallmann expresses it, the meatus auditorius (iussem GehSr 
offhung),the vdne of which therefore I next proceed to eoosldsr. 

In tlie skuU of the ostrich, with the tympanic bone and ear-dmm b daes^ 
the upper border of the meatus, as defined by the periphery of the membimna 
. . , . and by the 



tympani, is formed, not by no. s, but by the tympanic antcriotty, 1 
puoedpitd process (4) posteriorty. When the tympanie bone 
braae are removed, then the descendii^ process of no. s oveimrebes the 
• Lsroasd'Aui.CoBp.a.(i8S7),p.aea. t iiw#.m. . 
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of the ^rivttiie tnntj to cnmnd. So mmA for m 
laftheaiftwiiH^ 
We aay nestaik, le te fermlioB of the apper boondarr of the meetae 
> of the aqeeMMl in maaunk; or is it Dot 
. 1 of te cspomioB and applieotioo of thet booe 
i in thi* paitioiilar daai? If we were deniooa of 
bf eompariion of the eontoor of the 
i orlhe tyoipanie eavitj in mammale and binki ooght we 
not rather to adcct the lowot and OMMt otnithoid of maauBals» as bett cal- 
cakled to throw light npon the ml naiare of the modifications of this part 
of the AvM in the respcctiTO risssrs? In the echidna, then, we find that 
the sqnaasosal does not Ibnn the whole of the saperior border of the shallow 
tpipnnic cavity, hot that the Bsastoid fonns the posterior half of that border, 
and sends n short oblnse process downwards (at is, fls. ISX which overhangs 
the cavity and gives attachnent to the qrmpanic ^ts> Behuid the mastoid 
m the exooeipiidL Now in birds the antero-postenor extent of the craninm 
be t oe en the cioecipital and postfrontal bones is mneh shortened as compared 
with ammmals, and this modification I interpret as the resvlt, m a great de- 
gree^ of the entire removal of the squamosal from the cranial parietes. Of 
the homology of no. « as a part of the exocdpitBl there has been no question, 
altho^ its devdopment, and the share it takes in the lateral parietes of the 
head, is i ncr e as e d , ae compared with amst m a mm a l s, rather than diminished. 
The esoceipital constantly unites anteriorly with the mastoid in mammals, 
firom Bum down to the echidna; bot the extension of the squamosal back- 
wards to articulate with the exocdpitsl is &r from being a constant cbarader 
in mammals. We ought on that ground therefore tooondnde that the bones, 
which articulates with the fore-part of the exooclpital in the bird, is the 



i * mnstoid,* rather than that it is the 'squamosaL* It overhangs the tympanic 

1 cavity by a longer or shorter procem; but being more advanced in position, 

I partly by the developuMnt of the exocdpitalbdiind, and the oon-interpositioo 

i of a squamosal between it and the alisphenoid in front, it overarches the 

borderofthe 



I of the upper instead of the posterior part of the upper bo 
^nqiaiuc cavity in the bird ; but it is still in great part posterior to the trm- 
panic pedidc^ a rehtive position wUA h foreign to ue squam — * ^^- 



panic pedidc^ a rehtive position i^ich is foreign to the squamosaL The 
procem of no. s resembles the mastoid procem in mammalia, inasmuch ae 
it terminates freely in nmst birds; and in tbose^ the parrot for example (pL 1, 
fig. 1, 8), in which it joins another prooem to form a ^gonm or bridge over 
the temporal fosm, that proccm answers to the postfrontal, the veiy bone 
which the mastoid similarly joins in the crocodile, and doce notanswer to the 
malar bone, which the souamosal ioins in both mammals and crocodiles. 



bone, which the squamosal joins in both mammals and crocodiWe. 



The nmstoid ahravs coalesces with the petrosal, rarely with the squa- 
> mammalia ; sue' 



mosal, in the mammalia ; such coalcscenee is therefora a moro constant cha- 
racter of the mestoid than of the squamosal, and the argument b ec o mee 
cumulative in favour of the mastoid or petronuutoid character of no. s in the 
bird. When we remove the squamosal in the sheep we bring away the man- 
dible which articulates with it, but we leave the distinct and ind^Modent tym- 
panic dosdy articulated to the petroinastiNd. IVedsely the same thiog 
happens In the rodentia, in the marsnpialia, and espedaUy in the echidn a, 
m whidi the tympanic has the slightest connection with the stjuamosaL The 
articulation of the tympanic therefore with the petromastoid m a more i — 



sinnt rharertrr than its articulation with the souamosal; therefore the arti- 
culation of the unquestioned tympanic bone in birds with the bone no. s is a 

• TWss^fcnsiiisactftbsaapsr b oaad s rvsftkssMS tm t Tt ws w Iishmraky Ocdfis y 
la tks 7soi« f|«U-AandM da Hmteiy x. pL ^. ig. S. Y. Q. 
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ttronger proof of DO.t being the petromastoid than of itsbehig thet^namoMlt 
and for the same reaiona that the artieulation of na ■ with the exooetpltal« and 
its coalescence with the petrosal, are more essential diamefen of tae pelnH 
mastoid than thej are of the squamosal, so I rq;ard the articvlar sarfoea 
furnished bj no. s to the tympanic bone to be homologovs with the articular 
surface of the petromastoid for the tympanic in the mminanti» rodenta 
and other mammals, and am compelled to dissent from Dr. Hallmann's idea 
of its answering to the articular surface furnished by the squamosal to the 
mandible in mammals. In the ostrich a part of the aiticolar cavity for the 
tympanic b eicavated in the czoccipital, and would afford as mod an ai^« 
meat to prove that bone to be the squamosal as the one which Ur. Halhnaiia 
has deduced from the same character in fiivour of the petromastoid In. thtf 
bird being the s(|uamo8aL Dr. Hailmann cites the junction of nob s (hia 4 
taf. L fig. 5, cp* cU,) with the postfrontal in a young cassowary as evidence 
of its squamous character. I have not met with thia. anion m the yoong 
ostrich nor in the young emeu, in which latter bird there b a distinct poit« 
frontal : the anterior inferior angle of the parietal descends and meets the 
alisphenoid in both these SimMomd^ at the part where the post-frontal la 
marked (at/") in Dr. Hallmann's figure above cited. The eatremitv of th# 
mastoid process does, however, arch over the temporal fossa to join the posl^ 
frontal process in certain birds, as above mentioned ; but this Junction, when 
we ascend in our nursuit of tlie homologies of Uie elements of the oomponle 
temporal bone of mammals, as it is safest to do^ fttmi fishes to rop^Qei^ 
and from these to birds, forms a repetition of a veiT characteristie featoro 
of the mastoid in the cold-blooded classes, and one that Is quite intelliffiUe 
when we rise to the appreciation of the higher relations of both mastoid and 
post-frontal as paranophyses of their respective veitebna. 

In every mammsl the squamosal is applied to the cranial parietet, and ai« 
taehed by a peculiar suture called squamous; the outer sanace c^ the bona 
eiceedtng the inner surface. In no bird is the mastoid so united to the snr* 
rounding bones, but joins them bv harmonim vertical to the surface^ as the 
other trae cranial bones are ioined before they coalesce; and the outer vfty 
little, if at all, sur pa s ses the mner surface, to wUdi the petroaal Is cooflttenL 
The petromastoid of the mammal resembles that of the bird in this reapecL 

There is no difficulty in the ascensive survey in appreciatinff tiie i^iedal 
homologv of no. s in tbe bird O^g* 23) with no. s in the crocodile (fig. 9i) 
and in the fish ^fic. 5); and Dr. HaOmann, retaining a firmer and mora 
consistent view of Sieir common characters than Cuvier, enunciates dearir 
this homology: but having persuaded himself that the ^mastoid* of the bird 
was its * squamosal,' he concludes that the bone which Cuvior had called mae- 
toid in the crocodile and fish must also be their squamosaL I bdieve Cuvier 
to have rightly determined the bone (no. s) in the cold-blooded classes to be 
the mastoid ; but he is not eonsiiitent with himself when he adopfei a difi^rent 
conclusion with regard to no. s in the bird. The greater devdopiDeiit of 
the bird's brain, as compared with the crocodfle*s, retjulres a greater < 



sion of the cranial part of the mastoid, just as the still greater devdopmenl 
of the brain in mammak cells forth a peculiar expansion aad applicatitfD of < 
the cranial end of the squamosal, involving a transference of the nandibaiar 
joint to that expanded end. 

Cuvier, in descending firom mammals to the coosideratioB of the homolo*^ 



p:ies of no. s in the bird, passed too abraptly to the eonmafisoB, laeklnf the 
instractive link fumbhed bv the moootremes. It might have aulllecd fcr 
the present report to have drmonftrated the homology of nobS hi the bird, 
ascensivdy, with Cttvlei^s weH-determined mastoids hi fishes and repUleai 

nS 
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b«t matt boOi Csvier and Dr. HalliiMnB bav« doddiitfd tMr vicwi of Us 
hoMoiogy by diaiicteri dniwn from tlm mamm a lh i B clac» I ht^ cndeavottwdf 
aad I tnul ilkfactoriiy, to med tlwir olgeelioM and to dctermioe tha Ihm 
boonlosT of tlie boot by other aigniiiCBt* dnwa froan modificatioM of the 
pctre a£ i to idiotha«modam, 

I^usniig thereforo the conqiariaoa dcMcnrivdy, I proeeed la the next plaoa 
to eoondcr the diancleri of the BMitoid in the crcMiodile (figa. 19 aad tt; •). 
Caviar pregnica hit deteniuoatioD of the booe in that reptile bf eitiag the 
toBowing aa ili diaractew ia the mammalia :—** La partie ma^toldieniie qai 
reeeovra le rodMr en ain^ de FteiDeoae el de k eaimab maia qvi aeMNide 




qnadropMeii < 
lea nuninuM dk cit plat^ eoUte demiia qa'dle a'entre dana U 
I de aei paroist-'* If ve pauae to ^ply theae eharacten to the do> 
I of sea. a and o reneetiTely in the binU before proceeding to 
the eroeodile» we shall aee how for they aostain the oooeinaiona I have ar- 
rived at, in oppotttion to the viewa of Cuner and his foUowen» in referenee 
to the troe homologue of the mammalian aqnamoaal in birda. With rmrd 
to the maitoid in the erocodile, Cn^er Mya» ** Le mastoldien dea croeodilea 
proprament dita el dea saviala a oela de particnlier, qaH a'aTance lattol»> 
mcnl jnaqa'i a'onir an nootal poat£rienr» el i enlourer avee Ini el le pari- 
tel ie Iron de k fiue supMeore dn erftne qui oonunnniqoe aTee la foma 
temponde; dana qndqnee caTmana il a'nnil mtoe k oca troia oa poor eoavrir 
entieremeni eette feme en dea tua, el dana lea torUica de mer, non-aenlement 
ib font k mtoe choae, k temponJe et k jogal Tenant anari k a'unir an maa- 
toldien et aa frontal poit^riewe, ik eonvrenl k foaie temporak^ mtoe par 
dchon.*t 

Doubtlam the German anatomiata who diaaenl from Cnvier^a determination 
of the bone a in the crooodik (fig. 92) have been ufluenced in aome degree 
by the littk eonfomuty between Uie enaracter above aiugned lo the ma^oid 
m thttt reptik and the character Cnrier had previonsly aangned lo the maa- 
toid in mammalia. The confioence of the maitoid with the petroial, for 
exampk^ b a nrndifieatkn pecnikr to the warm-blooded vertebratei^ whiki 
fhm relative potitkn of the maatoidy above and external to thepetroaal, above 
and behind te tympanic* and behmd the aquamomi, when thb bone b pra> 
aenl, b a eonstant daaraeter in all vertebratet; lo wldeh mntt be added, thai 
in moat mammah and all other vertebratea the maatoid aflbrda an articnkr 
aerfaea for the tympanie bone» and devekpca an ontafanding ^mastoid) 
nrocem Ibr the attachment of alrons moacka moving the head npon the tmnk. 
With regard lo the relative poaition of the maatoid proeem to the cranial 
wan% ita origm aacenda aa the expannon and devation of Uie parietal dimi- 
nbhaa with the decrea«ing wae oi the cerebmm : in mammab, the pro cm, 
when prefcnt, extenda from the lower border of the poatero-kteral wall of 
the eramnm: in birda it projecta from near the middle of that wall, and 
rthenppcranrkee in the flat-headed Dinomtf: in the crocodik il haa 
' ' to n kvd with the upper aurfaee of the cranianBb and forma the 
I of that aorfaoe. The paroodpital preaenta a aimikr p r ogrea" 
I kter in the seriea traced dewenaively ; il doea not g^ the 
level of the ameloid until we arrive al the ekaa of fiahek 

t it f.ai. Okca Botbei the eoaipklloB af the cnaU ewrily, bdepeadml^ af the 
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b«U ovcriapt tlie eootigoooi 

And esocdpitilt pwMctiny _ 

•erpentifonii Iwtn^ia* but pRWBlt in GcoiM (Cttvier. R^jM ft Mil, 1817. 
pLe.figt.lft%^)its nonnd eoonectkiiit widi the oee^al (/> pMieldl 
(e), tyiiqpuik (A), aad alM with dM pott-ft«mta^ whidi im eoalcMadi or it 




eoonate with the frontal (at d;Le.)L C«Tier does Dot i 

enee ie the cBeflia; and altho«gh he iMigni the i ' 

teox pottMeoree* to the Epical beliadiie*, givee the 1 

with e note of doabt^ indeed, to ^ and atnsnt to the booe A^ whidii 

the maadihlc, the bbbm of "inarteMima et ciImm rtenat * ThenTb m 

actoai neceeri^ for am i ming ao tare a coBflnettce to chaiaeteriae tiie ct 

The martoid eiiets with aU ili Boraui coonectioaB, aod bcaotiloly HBoi 

hj its iodependcnee aod large mm the affinity of the OBcilia to tiw i 

ophidia. In the typical bntndda, where the eranhunia mMifcablr^ 

racteriaed by instaneea of eonflocoee which acem borrowed ftoat tiw ^ 

blooded daMM, the maitoid aoiBcthnca lows ita ~ ^ 



I ezocenoos proeev from tiM eztemal and poatenor part of the 
unff however 



r its normal office of sospending the tympanic : hot io A i 
of the iSma Aoofis now before me^ the satore between the mastoid (i§» 19^ e) 




and parietal (r) knot obfiterated, and it farther articobtea with 
pital(s)befaindandthealisphcnoid(s)iafhmt. CnTier.mhkdeMnnliooor 



the tympanic of the Rama twadadaX^ san tlial its vppcr Urancft artieaMea 
with the «roeher.' In iZuM lomis thai branch articnJates ezclnsbcl^ wift 
the traneated extremity of the broad ontrtanding nuMtoid, wUeh nmalaii 
OTcrhangSy as in all llslies, the petrosal, which is chiefly caitibginona hi Iha 
Ramn boom (aft. is). In jRono csailmte the mastoid (Dog^ Roi' 
snr les Batradiiens, fig. 1, it) appean to have eoakeeed with tfie alii 
(ift. figs. 9; 6 ft 7, It) ; and the eompoond bone haa received the 
« rocher' from Cavier and that of *rap^pt6real* firomDt^Cs^ Iho I 
men ovale however nmrhs the alisphenoidal part (e distinct bone in asy J 

~ dm mastoid, whlek 



boamX and the snqiension of the tympanie marks dm mastoid, whiek ^Mk 
its other connections, overhangs alM in iSonomriditthatniam of ci "^ 
which immediately invests the membraBooalabrrinth and forma ^« 
ovalis' acainst which the plate of the colnmdliform s|apca is i 
Phyf. J. Mailer hm wdl recognised the homologoe of thk I 
the Confia iitspocyaima, in which he describes it as «i 
fenestrmovalis|." It is sitnated farther be^ than in iS 
nor to the tympanie (t) and the bras soi^ieiidiim mastoid (A), toi 
rives the name of 'temporale.' £i dm nngofiily modified oranram of Iha 
J^iUopi dm mastoid artiealates above with the parietal and snjiraowripitdl, 
behind widi the esoceipital, coalesces in front with the aliqihenaid, an in 
sonw batraehia, and aflbrds the osoal artienlatioB below to the 
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How ntettmrr h b to reliia m ctoaraBdcoorfrtcat appwciitiee of thwefi- 
deoeet of the homology of the BUtfloid it thoirB by the eeeood tjoonym* * oe 
petrasiuB,' which it hae rceeiTed ftoni the jwtly-odrbnted anthor of this 
uftitnictiTe iiieoioir(pL2afi8s.iai%lS,14v/»> The actual capiile oT 
the menibnuMHu bl^rioth k corc i ed by the naigtoid and exocetpital, aM 
lenaine wholly caitilagiDoiia» at ia other ophidia ; and at it likewiie doct in 
Jikimopkis, where ito name 'petrotiui* m in like annner trantferred by Frot 
MiiUer to the eoalctced mattoid and alitphenoid. In Ckeindet the eoune 
of confluence pruceedt to obliterate not omy the tutnre between the nuvtoid 
and alitphenoid, but that between the mattoid and parietal; at abo of thcoe 
between the frontal, parietal and tapraHweipital; the whole craninm pro* 
•entiog almott the extent of coaleicence which characteriiet the hot-blooded 
bird. Only the immediate ooveiing of the membianont labyrinth 



The aidet of the tnperior torfiiee of fSbm craninm of bony fithet ntnaUy 
extend ontwardt at a itrong irregnkr ridgc^ firom which three prooettet mom 
particularly pngec^ which are tupported by three dittinct bonet. totnrally 
united, and each impmicd with an articokr glenoid cavity. And here 1 
cannot avoid remarking how beautifully tiw principle of vegetative lep^ 
tition* it exemplified in the lowest clatt of the Vertebrata, where co n t e 
qnently the rdationt of terial homology of the parapophyact in ^ettioo aro 
nnmittakeable. The potterior ptocom or bone which tottaint (in part) tha 
tcapular arch it the paroceipital (fig. 5»4); the anterior one, which tnttaina 
in part the tympano-mandibular areh, it the pott-frontal (•&• it) ; and the 
intermediate and utually mott prominent bone (i6.t), which tuttaint in part 
theepitympaDic(tta), and through that the hyoid aireh, it the homologoe of 
the bone whote ettential characten have been ditcutted under the name of 
* mattoid.* The parocdpital having now riten to a level with the mattoid» 
tbb formt the tecond ttrong trantverw procem at each tide of the craniunu 
The procem it developed from the outer margin of the mattoid ; the inner 
tide of the bone it expanded, and entetu altghtly into the formation of tha 
waflt of the cranial or rather the otocranial cavity, itt inner, utually cartilap 
ginoot turiace lodging the fibro-cartilaginotta continuation of the petrotal 
which immediately covert the external temicircular canaL It b wedged into 
the interspace of the ex- and parHwcipitah^ the petrotal, the alitphenoid, the 
parietal and pott-frontal bonet. The pn^ecting procem lodget above tha 
chief mucottt canal of the head, and below affndt attachment to the qii- 
tympanic or upper piece of the bony pedicle from which the mandibular, 
hyohi, and opercular bonet are tutpended : itt extremity civet attachment to 
the ttroog toidon of the dorM>-lateral mutdet of the trnnL 

It might have been tuppoted that thb oontributioQ to the waDt of the 

cranial cavity, thb articulation to the occipital and tympanic bonet, all of 

J which are coottant characten of the mattoid in mammalt, and but occational 

I onct in the tquamotal — not to tpeak of the apophytial form and functiont of 

j the bone in quettion in the tkull of fithet would have made the balance in- 

diue to the choice of the * mattoid* rather than of the "tquamotal* dementa 

I I I of the huamn temporal in the judgement of every nnbiamcd invetUgator of 

I i itt homologiet. The German anatomtiti, however, in falliiig with Cuvier 

•I into the mittalM respecting the homology of the * mattoid* (no. t) in birdt, 

ii I with the tquamotal in mammab, adhere more contittently to their error and 

*\\ continue to appljf the name* tquamotal* or itt equivalentt to the homologoua 

;' I bonelnrepttbt(fig.82,t)andfithet(fig.5,t). 

• Thb rrfairipb OT tow b rxpbiaed la tht inC volant «f ny Haatcrita Ltctarti ' Ob tha 
lavntchmt,' 0Tt. 1SI3, m vliidi daMCS of taimtk il h BMNt strikbBisr tad ftiDx cum- 



^A^»*»-^>a ^..^'i 0T'9'tm'iM~ii>iitr*>^^m»mtiK3imMK^fs'Bt'n9SSS0mr^'**^^7i<i^.^ . Tri-t-'.' 
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The high repute which M. Aganis has to jmUr eaned in ichthjoConj 
renders the accessioD of his name in sopport of- Drs. HallmaDD» ReicheiC» 
and Kostlin's detennination of the hone in qaestiout one to which those Mb 
homologists and Uieir followers will natarally attach ffrcai weight, and which 
indeed has caused me to pause and retrace more than once, and with the 
utmost pains and care, eveiy step in the series of comparisons which have 
finally brought conviction of the accuracy of the Cnvierian determiiiatioo of 
no. s in fishes. 

I am not aware that any anatomist has replied to the oljections to the 
Cuvierian view propounded by M. Agassis. Dn, Hallmann and KostliD» 
who have published the most eUborate monographs on the temporal and 
other bones of the skull since the time of Cuvier, concur entirely with the 
learned SwIh naturalist. Dr. Ueichert, in giving the name of 'souania tem- 
poralis* to no. s, and that of 'processus temporalis posterior' to its proccMj 
transfers the name * processus mastoideus' to the paroccipital (no. «, tig. 5)*. 
It becomes then necessary to consider the arguments of M. Agaasiz in favour 
of the homology of no. s. in fishes with the squamosal no. o In mammals* 
In the valuable monograph on the osteology of the pike {£$ax) in the 15^ 
*Livraison* of the ' Recherches sur les Poissons Fosriles»' the author says 
(p* 66)9 <* Un OS de la tte plac6 entre le frontal post£rieur» le frontal prio* 
cipal, le parietal, la grand aiie sphenoidale et I'occipital latfral* ne saarail 
jamais &tre envisage comme correspondent i rapophyse mastoldienne dtt 
temporal D*aprds ses liaisons* je crois done qull fant envisager le SMMMficn 
de Cuvier comme I'analogue de VieaiOe du temporal on comme le iempond 
proprement dit. C'^tait d^i Topinion de Spix» qui est tomb6 juste sur eo 
point" To this I reply that, in regard to the ci nnections of the mastoid, tboM 
with the parietal, aJisphenoid and ezoceipital, are more constant than that 
with the frontal, which is interrupted in mammalia ht the interpositioQ of 
the expanded squamosal, peculiar to that dass; but the mastoid retains ili 
piscine connection with the postfrontal in many reptiles and some birds. On 
the other hand, the union of the squamosal with the frontal is by no means 
n constant character in mammalia : it is rarely found in the oran^ sdO mora 
rarelv in man, never in the cetaoea and monotremes, nor in certain ruminaiiti^ 
nor in the myrmecophaga, ftc The connection of the mastoid with the 
frontal b more common than is the connection of the squamosal with the 
ezoccipitaL It is a bold leap to take from the mammal to the fish in the d^ 
termination of a variable bone like the sanamosal : nevertheless, 1 would re- 
quest the unbiassed reader to glance at fie. 18, whilst he reads M. Agaariirs 
pr6eiM of the character of the squamosal mve cited, and see how lar dow s d^ 
viates from it, save in regard to the frontal connection* Spix, who appeait 
not to have traced the beautiful gradation of the mastoid in the 



and who was unacquainted with Uie dedsive step to its noimal eonditioo hi 
the oviparous vertebrates made by the monotremcsr— and who was Infioeocedt 
therefore, by seeins that bone in higher mammab pushed back from any coi^ 
nection with the alisphenoid and postfrontal bv the interposed sqnanMwal, 
which usurps these connections and combines them with othen, as with the 
parietal and tympanic, whidi the mastoid f no. s) presents in fishcib — not «a- 
reasonably concluded that no. s represented the squamosal* in that dass; and 
it is probable that M. Agassis, who recdved his anatomical rudimeati at 
Munich, and was eariy engaged in describing the fishes ed le c t ed is Brudl hv 
the author of the * Cephalogenesis,' might have derived a bias in fkvoqr of tha 
view which prevented hb assigning their due vdue to the conneetioB of no* a 
)n fishes wiui the parocdplta^ and iU contribution to the otocranial cavi^« 
• qp. dl. t^ liL igi. t and IS,^ f, 
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Ib urging a reeonndcntioo of the value end ■iffoUleaiiej of these ehera^ 
ten, I may repeat that in mammali the mastoia oonttanllj pietenta them, 
whibt the tqoamosal verj rarelY has the firgt« and not often the lecond ehap 
racter. It mutt alto be remembered that the aquamotal lotet its eonneetion 
with the frontal and progressiTely decieatet in the mammalian dam to Icsa than 
the dimeniiona of the mastoid itself, as e. ^. in eehidna (fig. 18), whilst in this 
monotieme the mastoid, s, besides its cooneetions with the parietal and exoeei- 
pital, extends forwards to articulate with the alisphenoid, s. If ossificatioo 
were restricted in mammals to no. s, fig. 1 1, in reference to is, which re- 
mained cartilaginous^ then no. s would have the same relation to the otocrane, 
or in other words, would contribute the same protection to the acoustic kby- 
rinth, which no. s, fig. 5, performs in fishes; the external semidreular 
canal at least would be protected by the mastoid in both : only in mammalia 
the mastoid would also extend over the posterior canaL The petrosal losea 
no part of its essential character as the capsule or outer tunic of the laby- 
rinth br becoming ossified, nor ia it kas recognisable in fishes within the 
mastoid, by remaining membranous or cartila^noos, than » the sclerotic 
capsule of the eye in its chamber or orbit; which capsule^ in like manner, 
presents all the corresponding histological modifications in one or other part 
of the vertebrate series. The mask which has concealed the true featurca of 
resemblance of the human mastoid to that of fishes, b simply the petrosal 
ossified and cemented to it. But the squamosal presents no such rdations to 
the bony canaule of the semicircular canab m any mammal. Even the 
connection of the squamosal with the tympanic bone is, as we have seen, ihr 
leas constant and intimate in mammals than the connection of the mastoid 
with the tympanic*. 

In the anatomical description of the existing ganoid fishes which M« 
Agaasii has unfortunately nlled * Sauroidt,' the bone no. s is described as 

* VhMB the iciDSikfaipft3,t. fi.pC.fi. ' Beeherehsi nr Im Mik Vom.,' it wrndd isem 
thai the drevmstanoe of the ezteaiioii of tlie tympanle air-cellt into the mastoid, ia eertaia 



milia, had wdghed with M. Agattis ia detanniniiia iti bOBMlogleal diaiacti 
t All the chanctert hj wUch theie hi|^ or;gBnizea fishes appradmate the RtpHMm ars 
dtBotintfaehicbert, butfaitha ]owe8toiderofthatdan,vis. bthebatnchia, 



aaoia especially in the lalamaoden. The air-Uadder of LmlOuUm letemUes the lug af 
the lOiNeDt fai its rfngleDcn, and fboee af the lalamaBder In the decree of its edhdai^j ; 
aone parti of the stnietafe being pecollariy piadne. The Uid air-Uadder af FtigpUnm 
reeemNce the Inagi ef the nlaaiiaBdraid meaqpoBM aad pvolaas, ia the waal ef edlalar 
wdh. The ^aiacteriitie laige bidbiis arteiioiai and its Boneroiis raws ef vahea, which 
diitiagaidi tlM ganoidi frosB BMst other oneoos fishes, srs ivtsiaed ia the meDopoBe, hut 
areaatpieiaBtiiianyiaiiriaB. The anterior hall aad posterior cup of the vectehnB of Irs- 
jMUbff Mtf are repeeted in the ■ e l amand cr aad pipe, bat in no eaistbg saariaa. The labj- 
' loot character of the teeth of Lepidoetens was defdoped to its maximaBB in the gfwt 
reptflca (SaiBSMMftnof diet, Jiger), which, \^ their doable oceMtal eoadyla, tott- 
double Toner, and bieoncsfa Teitehni, wen esseatiallj JBslradUa, not Amriai and 



wbkh coatbiaed chanctcn now foandontf in the lower salaaiandroldliaffwdto, with dental 
ona b oi ra wed fiom fishes, aad bat feeb^ maailested \j the most fish-fike of laoiiaas 
{Ichikgomana). AU ths so-esUed lanraid fishes letaia the characteristic pisdne artieatar 
CDneavity oa ths baiioodpital far the atlas: it is, howetcr, nry shafiow In the poljpteras ; 
I.I aad k also eiteaded tranifendy, with the latersl bordert or sagles so prominent, that, as 

I I If. AgasBSwdlremszki,«* it needs Tcry little to ebaBae this trsastcTMarticalatioawHh its 

two lateral ridges into two distinct siticular condyles,'^! e. p. 71* Bat tUs woald coaYsrl, 
jprt lea/a, ths polyptcniB iato a batraeUaa, Bot iato a lanries.' Sofarasthechsrsctarof a 
sla|(le eoofcx ocdpital ooa^le is vdnsble ss a msilK of sflhOtj to the Sswia, it is praieat 
ia a fiihef a difiterenterdcr pom the ganoids, sad with mnch fewer sppwMrfaiatioas in othsr 
respsets to the rsptilisa dass, vis. la the FUhdmrtm t db me tmr i m. There lemaias, thocfore, 
oaly the character ef the enamdled scales whidi the pdfpteras sad Icpidosteas preseat in 
common with all the lower oifaniied gaaoidB, snd wbidi to a eertaia cztcat reicmUa the 



boBf scales of the crocodilia. If the dcpodtioB ef calcsicoas matter fai aad apoa the tkla 
were not CMcnllsny a rdentioa of a Tcry low type of duictoa ; if it were aot piaMnted by 
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takiag partt by its Urge size, in the formation of both the internal and ex^ 



teroaJ tarfaoes of the cranial* boz» whieh size dependa OMentiallf on th« 
degree of development of the frontab, parietala and ocdpitale : It u farther, 
urged that the luborbitols (<apophyie jugale') are likewiie attached to H; that 
the preopercalar(*apophyfe ■tjIoIde')diTemis and it directed or abnta agidnei 
it ; that, fioallj, the bone in aaettion (no. t, fig. 5) ifi with the exception of the 
petrosal, the sole part of the temporal bone which takoe a direct part la 
the formation of the cranial boz. " D'aprdt cet connd^rationiy" M. Agairfs 
proceeds, *' il est impossible de prendre Toe No. 18 [no. e, in flg. 5 J, qam 
Cttvier a nomm6 moMJcUdknt pour autre choee que poor la veritable tadUe du 
temporaL II prend part i la formation de la botte cMbrale^ il donne bne^* 
tion k I'areade ijgomatique^ enfin, il prke one articulation an prtepereolc^ 
que nouB rmrclonfl maintcnant corome le veritable reprtentant de Fapo- 
physe rtyloTde du temporat," I. e. p. 6S. Admitting, for the sake of the aigo* 
ment, that the preopercnlar is the horoologue of the stylohyal, and that it arti- 
culates with the soiled ' toulle do temporal,* which it not the case in.the 
miyority of fishes, yet thb would prove more for the * mastoid' than for the 
* squamood' character of no. s, fig. S» The etylohyal nnqoestlonably artieo- 
lates in many mammals with the maatoid or petromaatoid, between whS^ 
and the tympanic it b anchylosed in man, and it restn wiUi M. Agaasia to 
demonstrate the spedcs in which it articulates with the true squamona part 
of the tempondt* 

With regard to the connection with the suborbital chain of ossides, mhSA 
M. Agassis regards, with Geofihpy, as the jugsl or sjgomstie aicht evcD 
admitting such connection to be the rule and not tne ezoeptioi^ all ha 
force as an argument in favour of the squamosal charseter of no. s witt 
depend on the ultimate decision of comparative anatomists ss to the l es p eoS- 
ive claims of the upper and lower sygomala in the macaVs skaD* fitr 
example (pL 1, fig. 1), to a jpscial homSogy with the sygomatie ardi la 
man and other mammsh. The orbit in the bird cited, as in other /M- 
iaetdtef b circumscribed below by a bony frame continued fVom the ]moijmd 
(jm) to the postfrontal (is), and thence to the bone (s^ which I regard as 
the mastoid. Below thb frSme, the slender bone, oonndered by Caviar as 
the ju^, and by me as the coalesced jugal (ts) and squamosal (tv), extaoda 



from the maxillary (si) backwards to the brmpanie (ss), and forma i 
arch or zygoma. According to the Cnviertan and generally-received view of 
the homology of no. s in the bird, the bridge which it sends forward over the 
temporal fossa to join the above-described inferior bonndary of the orfai^ 
in the macaw, would be the zygomatic process ; and that boundary wovM ba 
what AL Anssis calb its homologue in fishes, vis. the jussl or 'araade qrgo* 
matiqoa.* But what then b the paralld zygomatic ar^ below(M^ tvX < 



flthei of diflkreat gndst of oigsBiatloB, nd kj sons, as the itamoas asd danM^ 
c. ,. under A Metered anaoMDMBt, mora Uko thrt ia tks anoeodiki thsB b sssa la the seds 
trmonr of the typkal gaaoidi, it mickt hcra sooie wdgbt b profii^ the sflbily oT mA 
auMldttothehigbeatorteofreptilbi kvt, Tiewbg thb chsractcr aate sB Hs rriattsa^ 
lamBoidUpoMdto regard tt as sMUiduag that afllBity aiora diiaeltr, thn il WMdd the 

- - - - naauDalbagCBulb^iyM. Itbfr ^^ " • 

to treat, b my Lectoic^ of the i 



aflbHy of tha crocodfleto lbs mawm a Bia geans Datjgpm. Itbfartha 
thatll 



that I ha? a been acemtonad to treat, la my Lectoic^ of the aaaloarieai chamclsn af tka 
gwmp repreeeatedby the PulgpitrmtwaA L^Uotitm, aa thoaa of a Mm sm ft aii^iathar than 
ofaSnrvtfftmilyofflthasi the chaiadanbdBg canted oat ta the dimtbaarthahsli» 
chba Older hv the rrmaikaMe gaaara Fnitpimm aad ryldirirai. 
* Moraprapcrij'otoaaabl/iBlaiMarteoBatlaoBL 



t la my Bolei OB the oataobaj of MammoBa, I Sad that the Btflo^ aaoMlbMS ai«e». 
btes wHh the petranl, sonai&aa wHh the nailoid, azdaiinfy, as b mast aisamil^ 
aomeHmet with the ijmpuACf loai etiBMS wUh the paraodpltal 
reconlcd of its aiticabtioB with the avnmn yovtfoa of the ' 
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necting tfa«iiiBxilkrj with the tyiiip«iie» aiMl inarked j^ 

HaUmuin*! nnmograph ? If CiiTier had been correct io r^anling no. • u the 

■quamosaly the name ' jogtl' ought to have been trentfemd frooi the lower 




which it had been applied bj Geoffiroj St. Hilaire, and to which it has been 
fcstored bj M. Agaaiiz. Bnt, in tnith, there mar be dearij discerned in the 
beautifnl modification which hat been adduced mm the PsiUaeid^ a proof 
of Cttviei't erroneous homoloffr of the bone no.s in the class of birds, and at 
the same time of his accurate homology of the sameJbone in that of firiies. 

Is there no sisnificance in the fact of the bone anterior to the orbit» which 
we call laerymal in man down to the lowest reptile* beinc eonstanU j per- 
forated by a mucous duct? Can we not recoAoise in this function and 
glandular relation» as in the commonlr thin scale-uke character of that bone, 
and its connections in front of the orbit, the repetition of the characten of 
the largest, most anterior, and most constant of the suborbitals in fishes (t(.7s)? 
If the rest of that chain be sometimes wanting, but more commonly present 
in that dass ; if it should present the condition occasionally of a strong oonti' 
nuous boDT iuTcrted areh, spanning the orbit below from prefrontal to posU> 
frontal, as m the right orbit of the JB^tpejj^lostut and the left orbit of Rkembuti 
ought we to lose our grasp of the guiding thread of * connections' by being 
confronted with a repetition of that condition in the skuDs of certain birds, 
caused fay a continuous ossification fVom the laerymal to the poet-frontal, 
seeing that a diverging bony appendage of the maxillary areh, unknown in the 
dass of fishes, has there established a second and true * lygoma' bdow the 
suborbital one? The extension of the ossification from the post-frontal eras 
of the suborbital arch to the mastoid is, in truth, a beautiful repetition of an . 
ichthyic ennial character, not unknown howeref in the reptilia ; and whilst 
it adds a proof of the mastoidal character of no. s in the bird, it reflects 
reciprocal confirmation of the accuracy of Curiei^s determination of that 
bone in fishes. 

The true dgnification and homologies of the bones in that interestbg 
dass could never have been dicited from an exdusiTe study of it, however 
extensive, detailed or profound ; nor will the feeble rays reflected from an^ 
thropotomicd reminiscraces lend sufficient light in thdr determination : they 
can be dearly discerned only by the full illumination of the beams concen- 
trated from all the grades of organic structure. M. Agassis, descending to 
the determination of the squamosal in flshes from its characters in man, con- 
dudes that it must be the bone no. s, fig. 5, because that bone takes part in 
the formaUon of the inner as wdl as the outer walls of the cranid cavity. But 
thb protective function is an exoeptiond one in the sqnamosd (tg. 6, tr); 
it is peculiar to that bone only in one class, and, as we have seen, is not con- 
stant even there ; whilst, on the other band, the mastoid is recogniaUe 
from the inner surface of the cranid walls of the highest mammd (in the 
human cranium where it is impressed with the fossa ngmoidea, fig. 6, s), and 
in a still greater degree in that of the lowest mammd (E^Ubuh fig. 12, s) ; 
whilst in dmost every mammal, by its coalescence with the outer surface of 
the petrosd, it dosdy repeats the protective chancter in relation to the ex- 
tend senudreular canal, which it presenU in fishes,— a function which ia 
dtogether fordgn to the squamosal in every mammaL I have dwdt thus 

'ly, on the true 

tthdrdetermi- 

iiamosd and other 




... ,^o ^ ^,».^ ^...^^ 
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dUmembermeDtt of the bamin Cemponl bone ; «od we ceaBOl climb lo tb« 
higher generalizations of anatonucal scieneep eaoept by the firm step of trot 
and assured special homokigies. There are more important salgccis tlnui 
homologies, no doubt ; but nothing b more important than tnitli» in whatever 
path we may be in punnit of her. 

OrbiioiphenakL — Am evidenee wiD be giTen in the aeetioB on * Genenl 
Homology' that both squamosal and tympanic belong to a quite distioet. 
category of bones from the parts of the 'temporal' which have just beea 
discussed. I shall proceed next to the neurapophyses that precede the 
alisphenoid. 

As the determination of this bone (s in all the figures) involVes that of 
the orbitoephenoid Tit), which has rarelT been mutalLen* for any other bone 
than «, there remains little to be added in proof of Its homology after 
what has been adTanoed respecting the alisphenoid. The most constant 
character of the orbitosphenotd b Its relation to the optic nenre, which dthcr 
perforates or notches it» whcmcTer the ossification of the primitiTe caitHage' 
or membrane holding the place of the bone b sufficiently advanced ; whl^ 
b not always the case in fishes^ especially those with broad and depressed 
heads, and still more rardy in lacertine saurianiu The recognition of the 
orbitosphenoid b also often obscured by another causes vis. the tendency ib 
the class JUpttUof and especially in ophidians and cheloniansi to an extensioB 
of ossification downwards into the primitive membranous or cartilai ' 
neurapophysial waUs of the brain-ease, directly liom the parietal and I 



In the fishes with ordinary-shaped, or with high and compressed ! 
the orbitosphenoids are usually wdl-devdoped: they are^ however, icpre^ 
sented by descending plates of the frontal in the garpike ; and they are, like the 
albphenoids, mere processes of the basisphenoid in the polyptems, which than 
ofiers so unexpected a repetition of the human character of the eorreapood- 
inff parts t* In the cod (fig. 5, le) they are semielliptic^ raised above the pre* 
sphenoid (•}, suspended, as it were, between the albphenoid (s) and the 
frontal (ii), and bounding the sides of the interofbital outlet of the cnudwa t 
the optic nerves pierce the nnosslfied cartibge closing that apertnra^ imo^* 
diately beneath the bone itselt In the malacopterous fishes with hlghtf 
and more compressed heads, the orbitospbenoids are more developed; thmr w 
directly pierced or deeply grooved l»y the optic nerves, and are pieroed nho 
by the ' nervl pathetio' in the carp. The cmm of the oUador^ gangfioBi 
(rhinencephala) paas out of the ioterorbital aperture of the eraunm by the 
upper luterspaoe of the orbitoqphenoid, iulo the continuatkm of te cranU 
cavity which grooves the under surfiice of the frontal, in their eooiae be t wee B 
the orbits to &e prefrontals. The orbitospbenrnds protect, mora or Icns^ fSkm 
sides of the prosencephalon ; and thb function, their transmisaion of the eptfe 
nerves, their anterior position to the idbpheooids^ and their aitienlatioB 
above with the frontals^ establish their special homology firom the fish np ta 



In certain ibhes a distinet centre of oaaificatioo b aet up in the i 
line of the fibrous membrane or cartilage^ doaing the inte r of bi t a l i _ 
of the cranium, bdow the orbitospheooids, and extending forwards aa'the Ib^ 
terorbital septum. The bone (represented In pL 1« flg.5, and in oatiiae hi 
cat 5, at s') extends downwards lo rest upoB thesphenoid (s)crprBS|dimuid 

• QsoOtqr b Us Bcnoir QB ths dnfi «r hfadi cAas 
*" - -- ... •, MdCe^d 
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(tXand biTomteii m it aieendi^ tojow aadpropvpUieckTatodoHiitopplic* 
iMMsiiitbepeTcliaiHlcan(notintlieeodX TherdftdontofUiboHideart 

Ipreekeij tboie of the part formtog Ibe oonjoioed bases of the orbitospheooids 
in manimah, mod nsuallj ealled the * bodj of the anterior sphenoid,* lo them ; 
^ thoogh this is developed fmm two distiaet centres. In the young whale I 

I foond it sopported by a direct extension of the basisphenoid forwards* which 

\ j<uns the baekwardlT prolonged Tomer, as in Ushes. The common base of 

t the orbitosphenoids is peculiart as a distinct boocv so far asl know, to Ushes. 

It has been called by Bqianiis* the ' bans alaram minorum spbenoidei sen 
roBtmm sphenoideT; by Geoffrey * entosph^nal* sand by Covier * le sphteoUa \ 

ant^rienre.' M. Agassis opposes tnesedetenninations by the foDowiog remarks^ 
founded on the embryoloocal researches of the ingenious Dr. Vogt:— 
^ In fishes with a short and thick munle^ the cartilaginoas embryonal plate 
(' plaque faciale' of Vogtl, which senrea as Uie base of support to the proa- 
enoepbalon and the nasal fosss, is transformed into an independent bonei 
^se transfonna inttealement en oa." It is then, he says^ ^ represented by 
the cranial ethuKMd (le tpkimiXde atUinewre of CuTier), an asTgons bone^ * oa 
il impair,' short, of an almost square form, in which are pierced the canals for 

f the transmimiou of the olfactoir nerves. But in the fishes with elongated 

munles, and of which the eyes m place of jMrcseiring their primitire latend 
position at the sides of the mesencephalon are carried forwards in adTanoa I 

of the cranium between that and the nasal fosHB^ the rdatioos of the \ 

*plaque fadale' are necessarily altered : part of the plate remaining in its ^ 

primitive situation is transformed into the * cranial ethmoid,' the other part 
IS carried forwards, but is never transformed into a distinct bone: it re- 
Budns cartilaginous as the nudeus of the musxle; or H, indeed, the ossifi* 
cation of the muszle is completed, it disappears by virtue of the progressiva 
encroachment of the exterior ossification. This is the reason why fishes 
have never a true * nasal ethmoid' (the bones called ethmoid by Cuvier are I 

the nasals)^ but onlv a cranial ethmold'f ." Influenced bv the deservedly ^ 

high authority of M. Aesssix, I adopted his homology of the bone t' in tlie 
^Hunterian Lectures on Vertcbrata,'ddivered in 1844. But dnce the notes of 
those lectures were printed, having been charged with the formation of a new 
Osteological Catak^ue of the Hunterian Museum, I have carefully recoosi* 
dered this question. Fiuring over, for the present, the assertion that the houHH 
logue of the ' nasal ethmoTde' does not exist in fishes^ I would firit observci 
that if the orbital aperture (or what appears to those who deem the rhinen- 
eephalic cram to be cdfactory nerves, the anterior qierture) of the cranium 
were homologous with the aperture dosed by the cribriform pliute in man, then 
any bony bar orplatetendiiw to dose that aperture might be hdd to be homo- 
logous with the cribriform {Mate or crista gaUi of the ethmoid : but the inters 
orbitd aperture of the cramum is dways bounded lateraDy, in fishes, by the 
orbitosphenoid ; and the rhinencephala and thdr crun extend forwards, to a 
considerable distance in moat fishes, before the olfiutory nerves sent off from 
the rhinencephala escape by those perforations in the prelrontals, which are the 
trae homologues of the dngle foramina of Uie dfoetory nervea in the so-called 
ethmoid of birds, and of ue cribriform foramina in mammals. The inter- 
orbitd groove or cand in the skull of fishes, which is continued from the 
presphenoidd or interorbitd aperture to the prefrontd foramfaia, is as essen- 
tially a part of the cranid cavity as is that cootracted anterior olfiictory 
chamber of the cranium of mammals, which, in the thyladneb for example^ 
extends forwards, llrom where the otbitosphqio i ds sustain the frontal^ ex- 

•OksB*tUi,1tia,FMt. 

t Kuiliiulm ■« ki Tdiioai rDiiilni. 1 I p ITf 



pandiDg, to where the frontab and the modified prefrontrie (ethmoid^ ferm 
the actual anterior boundary vaU of the cranhd eaTi^ s the diief ifiatio^ 
tion between the condition of this boundary in the mammal and the Mb 
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he modifie 

>f the cran 

boundary i 
being, that whereas it is perforated 1^ numeroof apertnrea ia the 
the olfactory nenrea in the fish escape each by a amgle foramen or groofta 
in the homologous bones. As beautiful aa true was that dear percepdoa 
by Bcyanus of the homology of the simply perforated nreftontal of the fislw 
with its sieve lilce homologoe in the class ia which the olftctory sense re a che i 
its maximum of development and activity, and modifies all around it Hie 
coalesced bases of the orbitosphenoids, forming the anterior boundary of tha 
bed of the optic chiasma, answer to the separate ossifieatioo called *eth^ 
molde crAnien* by Agassis, in fishes: it has the same vd^oo with thai eon- 
tracted area of the cranium answering to the inierorbital aperture of the cr»* 
nittm in fishes, which the so-called cranial ethmmd (entosphenoid) presenta 
in fishes ; and thb same entosphenoid (fig. 5, s') has as fittle rdattoo to tha 
formation of the canals pierced by the olfactory nerves in fishes» as tha 
orbitoq>henoid has in mammals. The olfiutory, rhineneephalic or anterior 
division of the cranial cavity in moat fishes has ita lateial bony walk incoas« 
plete, and it opena freely, in the dry skull, into the large orbital chambem 
Mow, which are then si&d to have no septum : we see a similar want of d»* 
finition of the cranial cavity in relation to the great acouatie chambers In moat 
fishes. But in mammals the orbits are always exduded from the rhln 
phalic, or olfactory compartment of the cranium* ; and a like emd 
obtains in some of tlie highly organised ganoid fishes mid in the plag^osl 
As the prosencephalic parts of the brain progressivdy predominate^ and tha 
rhineneephalic parts diminish, in the hiffber mammalia the compartmeat of 
the cranium appropriated to the latter loses its individuality, and becoflsea 
more and more blended with the general caviq^. In the daborale 'Ioobch 
graphv of Human Anatomy* by Jules Goquet, for examplef, the small o^ 
culianties of the 'trou borgne' and the * apophyse crista jolli* are both in* 
dicated, and very property ; but the rhioenoephalie or olnctoiy <fiviiioa of 
the cranial cavity, though defined by the suture between the oibitonlie* 
noids and prefrootab and lodsing the olfactory ganglia or rhineacwphaiag i 
so important an evidence of ue unity of oiganiiation manifested in maa'a 
frame and traceable in characters, strengthening aa we descend to thalowcft 
osseous fishes — is wholly unnoticed. Thus, veiT minute semtinyy eocH 
ducted with great acuteness of perception of mdividual featnmb qualitiaa 
highly characteristic of the anthropotomists of the school of Chxiuet, beiaf 
directed from an insulated point of view, prove inadequate to the appraeian 
Hon of sometimes the most constant and important featnrea of their oclusivo 



Sut to return to the homology ps^ ■• 

of the orbitosphenoids. In the me- 'v^ 

nopome these nenrapophyses are 
elonnted paralldograma, perfo- 
rated by the optic nerves, and are 
dintlnct bones. In the greets bnlU 
frog (BoMa boom) they present a 
similar form (fls. IS, f)f but are 
confluent with the prefrontals (u^: 
in both batrachians an unoasified space intervuMs bctweea them and the afi- 
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! |j eztnoiTty oT the true and entire ereniaiii. The dmrging ceoali of the rbi- 

^ j \ Deoeephilie compertment ere fonnrd by the two bonet in qucftioo x the ihinen- 

, • 1i eephaU or olfactory ganglions are Bometimef lodged at the eztreviltiea of theie 

I \ eanala* and they lend out the olfactory nenrca tiy the apertures formed be- 

tween the booca u and if, which then lamify upon thenMcnlar olfactory taeib 
^ HiHofaa dM PloteoM, |L B. igg. L fl. 14^ 



|, apbenoid(t). In most tiaardi the wider roof of the cranium, aopported by thd 

' $ long martoidt, tquamoaala, poitftontalt and malan, Itlce a bony acaffoMlng on 

• each side, is indqieodent ot its proper ^nearapophynal) walb for support, and 

these retain, through the ceconomy or nature, much of tlieir primitnre semi* 
membranous, semi-cartUaBinooa state. A dismemberment of the alisphenoid 
. , (T^^^ "^7 ^ discerned as a process of that bone in the piscine genera 

i XtpkkUf iS|plyr«»a) props up the parietal upon tlie pterygoid, so like a post 

or pillar, that the name *ccMumelia* may weU be retained for it At the 
sidoi of the membrane forming the orbital aperture, rudiments of the orbi« i 

tosplienoids may be seen in most lacertia: I find tliem, e. ^. in the form of I 

a slender osseous filament on each side, slighllT bent inwards and bifurcate I 

above, in a Ivge Australian lizard (C^fdothu jftgdi), la the crocodile (figs. r 

^ 90t and SS; is) the orbitosphenoids attain their naaximum of development, 
J but retain all their typical characters: they bound the orbital aperture of the 

i ' enuium ; are notched below, as in many fishes, by the optic nerves (ep) ; 

I ^ are perforated by the pathetic and other orbital nerves at the 'foramen spheno- 

I orfoitale' M ; they protect the sides of the prosencephalon ; support above the 

ftontals (and by their backward development also the paiietals) ; and they 
i ' rest below upon a peculiar devdopment of the presphenoid (s), which seems 

I ' to answer to the entosphenoid in fishes. 

r Some salient points of resemblance between the cranial organisatioo of fishes \ 

if and birds have elicited remarks from more than one comparative anatomist. \ 

f Not to dwell upon the more obvious correspondence arising out of the mo- \ 

|i bility of the upper jaw, chiefly through its connection with the pedicle of the 

>( lower jaw, I may indicate the overaanging posatioo of the orbitosphenoid 

(figs. 8^ 23, is), raised high above the presphenoid (s), at Uie beck part of the 
interorbital septum : we see exactly the same position of the orbitosphenoid 
in many fishes. Cuvier accurately represents it in the skuD of the perch*. 
This boiutiful trait of unity of organization is completely put out of nght by \ 

\ I the folse homologv of the orbitosphenoid in fishes with the alisphenoid in - \ 

birds and mammals. The progressive recession of the orbitosphenoid and 
alisphenoid, as we descend from mammab to fishes, transfers indeed their 
{ characteristic nerve-notches or foramina from tlieir posterior to their ante- 

|i rior margins. But the notch (ip, fig. 8^ at the posterior mamn of the orbito- 

qrfienoid in the bird for the escape of die optic nerve by a^forameD common 
to it and the nerves of the orbit, is not less significant of its true homology 
than is the anterior notch in the crocodile or fish ; the osseous connections 
with the sphenoid below, with the fh>ntal abovcb and with the alisphenoid 
behind, bttuff the same. 
iVgf^llgS— If the cranium of a cod-fish be bisected horiaootally and 
II I'. loogitodiodly, its most contracted part will be found at the umier part of 

I K' the irterorbitid aperture^ bounded by the orbitosphenoids, which mark the 

[I IJ division between the prosencephalic and rhinencephalic compartments of the 

I {|< cavity : the latter extends as a triangular channel or groove on the under 

I -( part of the frontal, opening below into the orbits, gradually expanding as it 

advances forwards, and dividing into two canals^ which diverge to the inter- 
spaces left on each side of the imsal, between it and the bones (fig. 4^ u), that, 
meeting behind the anterior expanded end of the nasal, bound the anterior 
:tremity ( ' ' 
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rappoiied bytbebooci it, fig. &» For tbe argmnents by wUck Uie oUhotoffj 
ganglions in the cod are shown to be bomologons with the olftctory j 
that rest upon the cribrifomi plete in maot and by which the medi " 
or emra connecting them to the rest of the brain are shown to be 1 
with the so-called * olFactory nerres* in the human cranium, and for tba'go* 
neral homology of both as primary divisions and pednncica of tbe encephalon^ 
the rc«der is referred to Dr. Desmoulins* Mnatomie dea Sjstdmes oefrcvs 
des Animaoz k Vertdbras,' 1825, 8vo. t. i. p. 169; to Mr. Solly's cxoelleBt 
treatise 'On the Human Brain,' 18S6, p. 78; and to my 'Leeturea on tba 
Vertebrate,* 18S6, p. 184. 1 there adopt the expressive name applied hf 
MM. Vogt and Agassis to thb most anterior of the four primary divUoaa 
of the brain of fishes, and apply to the peduncles of the * riiineneephal^* 
which are frequently of great length in fishes, the name of ' rhinenoephalia 
crura,' since they are serially hooKHogoos with theprosenoephalio or cevebnl 
crura; and I call that division of the cranial cavity which spedaDy lodges 
these crura and their lobes the *rhinencephalie' clmmber or compaitmenL 
The right appreciation of the above essential characten of the most aatrrfor 
division of the brain and brain-case is indispensable to the accurate pui« 
suit of the homologies of the bones is, u and is, whose devdimment, cqio* 
cislly of the pair no. 14, is governed by that of the riiinenorahalon. In man 
the aU-predominattng cerebrum, overarching the mesencephalon and cpca* 
cephalon behind, and the rhinenoephalon in front, so modifies the eorrooMl* 
ing cranial bones as to obliterate every part of the rhinencephalic divisloiii « 
save the terminal fossa that immed i ately supports the so-called "olfaotory 
ganglia,' which fossa seems, as it were, to be unnaturally drawn in and 
blended with the great prosencephalic chamber, by reason of the enormooa 
outswelling development of tlie proper spines or roof-boues of that chamber» 
the fiDntau. Still, even here, through the absence of any eommissund bead 
connecting together the rhinencephala, a fibn^membranous process of tha 
endoskdeton extends between them, and into this septum oeilficatioo extends 
from bdow, called the * crista gdlL' In the cod-fish the homologone parti* 
tion between the rhinencephala is cartilaginous, and It extends some way badt 



between their crura, not bdng opposed by a coextended overiiaaging eera* 
brum with great transverse commissures. In many fishes (e.g. JTyfaos, fLl^ 
fig. 5) the outlet of the dfactory nerves, which notches the Inner ddo of 



no« 14 in the cod, is converted into a foramen (tft. oft.) bv the extensloo of 
ossification around the mesid surface of the nerves. Where the dihetufy 
nerves are sent off from the ganglions in great numben (e. g. JSoaa), they 
perforate a membrane before rMching and ramifying upon the vaecdar 
pituitary sac In man, the homologous membrane, or basis of tho olftolofy 
capsules, is ossified, and cdled from Its numerous apertures the eribeilbfm 
plate. The holes which these cribriform plates fill up are homdogooa with 
the foramina, or moves forming the outlets of the olfactoiy aervea in tba 
bones no. m In fisnes ^figs. i and 5). 

The grounds for this homology are so pidn that we cannot be sorpiiaed 
that they should have been eariy appreciated, as «. p. by the pdnstakSng and. 
philosophic Bojanus in 1818 *. I never could comprehend the precise meuA* 
lug of tlie statement with which Cuvier opposed hb view :— * M. Bcjanua, ] 
tent sans doute du trou quil a dans plusieun poissons pour le nerf dfiu ~ 

fait une hune cribleuse de Tethmolde ; mds cette opinion, qui n*a pas ire i ^ 

toutes Ics espeoes, est r^fut^e d*dllenn par les autre* rapports de cat oa 
les OS votsinsf." Cuvier seems to have thought the ground of Bdaauali 
opinion to be cut away by the fact that in the ood and soma other flshea tW 
•Iilt,hdlil.p.M8. tHillslfed•sI^tel■s,L^fli. 
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olfeetorj nervet groove iottead of perforate the bonee no. i4» Bat tbe trlge- 
mioal BUll determinee the aliephenoid, whether it perforuet or notdict thai 
neurBpophyMS Id ita escape: the relatioo of the alispbenoid to the dimloB 
of Ike 5th, indadiiig the gnitatoiy nenret and that of the orbitotpheoold to 
ihe nerre of sightt are not more eooatant than if the rdatioD of do. m to the 
nerTB of ainelL The dUfereneea of conocction of no. i4 — *lca autre* imp- 
potts'— are not ipecified by CnTier» and I know none thai affcei ita ciaentiid 
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Mo. u if however the moai anterior of the nearapc^jsial or lateral 
booea of the tme craniiini» and ia in relation with the anterior terminal divi* 
aioo of the enoephalon and with the flni or anterior terminal nair of nervea. 
Like all extreme or peripheral parte, it b aaljeet, aa we aboold be prepared 
to find it, to n peater extent and variety of modificationa than the more 
oentral near^M>pbyiefl. The difference between its connectiona in the fiah 
Bud thai of the cribriform platea and their aostaininff baaia in man may 
therefore be expected to reach the extiemea of pofaible homoloBy. It will 
be intereflting to inqnire whether there are intermediate modificationa by 
which the nainre of^thai difference may be appreciated, and how many of 
aoch linki are permanently retnined in the intervening apeeica. 

We might anticipate the amallect amount of di^artore firom the fun- 
damental vertebrate type, aa respecto form, aiie and connectiona of the bonea 
[ ! ' in quettion, in thai ctaas where the principle of vegetative repetition moat 

[ I • prevaila and the archetypal plan is leaat obacured by teleological adaptationa. 

Adopting the name mocfified from the phraae applied to theie bonea by Cu« 
vier m thoae vertebrate in which they prcaent their moti typical chancten, 
we find the < prefrontala* in all bony filahea reating below upon the vomer Tfiga. 
4 and 5, i j) and on part of the preaphenoid (a), auateining by their meriai and 
upper anrnoea the naaal (u) and fore-part of the frontu (ii), affoi " 



whole or partof the aorfaee of articulation for the palatine («) or the | 
I nuudllarr arch, and giving attachment exterioriy to the large auboibital or 

laciymaf bone (pL 1, fig. S, rtX vhen thia exiala. fieaidea their protective 




1 
,i 

Vi 

Ii In the mormoidfiahea, where oonfloenoebegina to prevail in the cranial bonea, 

1 we find thai the prefrontab coalesce with ue vomer and nasal, not with the 

'' true frontaL Thia fact, though not of a claaa materially affecting relaiiona 

. ii: of homology, is not devoid of significancy in ronid to the real character of 

f p the bone uauallv described aa one of the * deux dtoembremena du fVontal*.' 

\ w A clew not to be neglected in tracinff the homdogiea of the prefinrntab b 

'{ 1 1 their Uatological progress, although the value of auch embryonie characters 

'.) h> has been overratea aira their application aometimea abuaed* The anbetramen. 

p of their oasification, like thai of the exoccipitab. maatoida and post^rootab, 

! ' b a cartibginoua maaa, a part of thai which M. Dug6s has calbd 'cartibge 

, ; I cranio^faciale,* and M. Vogt * plaquea protectricea laitelea.' The frootab 

I and parietab, bring ossified in aopra-cranial fibroua membrane with ao rapid 

I I and tranritory a cartilaginoua chan^ aa to have escaped genend reo<ynition, 

.' ^ havebeen,< 



», on thai account, rriected from the vertebral or endo-skdetafaystem 
of bonea by Dr. Reidiert, and with as little real ground aa the r^ectlon of the 



i«} vomer and sphenoid from the same system, because they are oaaified in mem- 

I brane extended from the under and fore-part of the aheaih of an evanescent 

aubcranial ' chorda dorsalia,* like the homologoua baaal oasification beneath 
I J the ooabaoed anterior abdominal vertebra of the ailuroida. 

^.clf.l.^m. 
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M. Duff£», who bai aoeantd? fisured the *eittDio-radal* afrtOaga of a 
gadoid fish in pL it of his Talaable Monograph *, gives as aoeaiato n ignrt 
of the same cartilage in the Emta vmdU (m- i- figs.6»7» of the same work)^ 
oot of which has been ossified a bone which transmits the olfaetorj nerre to 
its senso'capsule : this bone (is in tlie flgnres cited) resta bdow upon the di- 
vided vomer and on the end of the presphenoid, snstains above the nasal and 
fore-pirt of the frontal, affords an artioilar snriface on its enter part for <be 
palatiaey and only fails to repeat every characteristic connection of the mo- 
frontals in fishes, because (as likewise happens in certain of thai class) tbeva 
is no lachrymal bone devdoped in the Mairackia. The sole modincatien 
of any consequence tendioff to mask the homology is this ; that whenae we 
find in many fishes osMfication extending into the perristent part of the erap 
niofacial cartilage connectingt whilst it sqwrates, the prefrontals^ so as to 
circumscribe the canals for the transmission of the olfadorr nerves, audi otd* 
fication proceeds in the anourous batrachia to anchylose the prefrontab yMt 
each other, and convert them into a single bone. This difibence however 
sufficed with Cuvier to make of it a new and peculiar bone— en * oa en csId* 
turef.' It would have been as reasonable to have given a new name to the 
supraocdpital in the LgridaOeuBt because it is divi&d in the middle line in» 
stead of being single, or to the firontal in the species where it is single instend 
of being divided, or to the vomer in the frog because it is donUelnstead of 
single^ or to the ezocdpitab in the same reptOe^ which manifest the same 
medal and annular confluence as the prefrontals. But, adds Cuvier, in i«fer> 
ence to the single bone (f^. IS, i4^ resulting fhmi this modification, ** Je no 
Fai pas trouv6 divis4, mime dans des individus trdsjennes qui avoicnt cneoro 
nn grand espace membraneux entre Ics os du dessus dn crftne." Nor did the 
great anatombt ever ibd the rudiments of the radius and ulna distinct at aoj 
period of devdopment of the single bone of the BatmektOp which he neveiw 
tbdess rightir describes as representing both bones of the f or oa rmi nor 
dkl he ever find a divinon of the single paxietd in the embryo erooodOai 
which he eaudly wdl recognised, neverthdessb as the homologue of the twv 
panetals, which in most fishes have been subject to greater modificatioiis la 
thdr connections and relative podtion than the single prefirentd pr e s e n t s hi 
the anourous batrachia. These are not the only instances where rdatlona of 
homdogy are by no means obscured, nor ought to be^ by reason of the eo^ 
finence or even connation^ of essentially distinct dements. The capenle ef 
the olfactory organ, partly protected by the anterior infttndibular espansioat 
of the connate prefrontals, undeigoes no partid ossification homologous with 
the 'turbind' (is, fig. 5) of fishes, but ramains caitOaginonsb like the ael»» 
rotd and petrasaL 

The prefrontals, however, are not ody connate with each other la the 
frog, but coalesce with the contiguous neurapophyses — the orb i t o sp h enoidi 
(f, fig. IS). And this modification has led Cuvier, notwithstanding the 
connection of the bone it with the presphenoid bdow, with the fronlni 
nbove^ and with the prosencephalon, cj»tie nerve (cp) and oibit^ to dano- 
terise the batrachian skuQ as having ^ ua sed sfdiendMe sans ailes toapo^ 
nles ni orbitaires f the true and dutinct 'di^hcndd' (s, fig. ISX witti Ht 
typicd connectkms and nerve-perforations (tr), bdng dcserwed as the pe« 
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t OiMBCMro«fln,4to,t.v.Bt.iLp.S87. HehsdbdmsniledlhSBBaMd' 
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puto lis Mii^teiitf which wen srigM^dMasl. ^ 
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«C the aoesi of cenml 
r well ditpenie witli m 
Bnuial arebcftyM vbiek 



traMl,<n>ebcr«/ Bui die ml difflcoltlct which bcMt 1 

trnthi in oompvmtiTe ofteology u« toeh that we maj w< 

orer^talcnenti of the amount of demtion frooa the cnuial aichctype i 

mueh-modified tknUi like thote of the anooroua batraebia may present. 

' Fortonatelj the light which the development of soeh ■kaDa throwt upon 

I their matnre cbaracten, is aided by the perristent larval ataget manifcrted 

by the perenoibranddate qpedea. 

In the menopome, for eaample^ the prelirontals remain diftfaict» both from 

I each other and from the orbitotphenoidif « their characteriatie connectiona 

I and functiona being the tame aa thoee of their coal e ec ed homologoet in the 

I Irog^ except that t£ey are notched, inetead of being perforated by the olfao* 

f tory nervcb which groorea their inner border, as in the cod and some other 

fiahce. Cttvier lost hinu at the posttbility of his « os en ceintnre * in the ftog 

rqiresenting "a k fois le ftontat principal el rethmoUet," or aa having an 

I equal pretence to one or the other nam& 

I The sntnre^ however, which marks the lindts between the frontal 11 and 

I parietal t is penistent in the menopome^ and indeed in all batraehians bnt 

I the anoorana; and even in the very yoang hurvm of theses Cnvier admita 

ii (and the observations of M. IHig^ warrant the admission) ** qae Ton s^PM 

f nne partiepost£rieure de forme ronde de rant6rienre ^ui est aliongfe'' (Ibid. 

I pw SSiy The permanentlv distinct frontals present a smiilarly elongated form 

I in the nrodeles, and are therefore recognized by Cnvier in the salamander, 

e.^. atc^pl»zzv.fig. l,<^dt; in thenewt,pLzxvi.fig.6; in the menopome^ . 
fig.4; in the azolod, i^xxviLfig.84; in the siren, tft. fig. S; and in tbeam- 
phinma, i& fig. 6. In all these crania the tme frontals are indicated by the 
aame letter c; in none of them do they dose the cranial cavi^ or boand the 
orbits anterioriy, or are perftnated by the olfactory nerves, or articulate with 
the vomer bdow, or perform any of the emential functions, or eomUne the eha- 
raeteristic connecUons of the prefrontals of fishes, all of which concur in the 
' OS en ceintnre.' But the frontals do present the chief connections and occupy 
the relative position of the anterior half of the bone (r and 11, fig. IS) which 
Cnvier calk the parietal in the frog. The evident tendency to coalescence of 
eswntudl^ distinct bones which pervades the skdeton in the adult anourana 
greatly dmiinishes the difficult^, through the loss of the suture between the 
parietd and frontal, of recognising the homology of the latter bone, whidi, 
with that exception, not only repeats the duuracters of the frontals in fishes, 
bnt of those in most tailed batraehiana. 

Next, then, with regard to the ethmoid, the second of the two bones to 
which Cuvier restricts the choice of the homologues of the ' os en cdntnre,' 
nOb 14. Ko name has been applied more vagudy or with a less definite 
meaning than this same < ethmoUe.' In the sense in wldch Cuvier would 
permit its application in the present instance^ it is a bone which forms the 

t TIm imm opo me , wbidi repfCMBtt t gigurtic tadpole of the tiflleM bstf sc h l a , naaifrtte 
a besBtifid oooRiniiitj to the gonad type, iBd wcD iUattrstct the fod Boti^ 
doTiMioos wUdi tdu plaoo ia tlM eonne of tlM roBiikibte netamofphooei of tlM ■Booniia. 
AitntdghttlMOiUtMnhcBoidtMentobeborredoiitftomtbdr BOtmal oomoctftoa with 
thofioBtii by the Jmctioii of tbo poiictd with tbe pwlhrnua in tbo meaopono , si ippoari, 
ior aanplo^ k the ten gifoa bj Cmkr k the * Oncmou fmtSSm,* v. pL 8. pL zzvL ig. 4, 
when ^ A fividn e raaflk Romvo, however, the piciiroatal A lh»mtliopifietile'(wliicr 

B»bexoidil7dono,thotiitare,whtefalinoitkdkstedkthoflgnndted,f 

sad tha anterior and medal lisif of the orhitoqihenaid (a) it tiicB I 



(■MaiadX beneath the parietal and pfcfroBtal, to job a triangidar 
' ithamldi' 
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Id the orocodtle Cnvier rastrictt the term * ethmoid 'to the otitilaginooe 
lamiiuB, capeulea, or fopporti of the olfactory ramificatioM after the iiervca 
have left the craoium. In mammak the ethmoid it made to include both the 
bones that dose the cranium anteriorly, support the rhineneephala, give eait 
to the olfactory nerves* and those which defend and sostmn the enormouslv 
developed and complex superior parts of the organ of smell*. IVhikt this 
confusion is permitted to vitiate osteology, it is plain that no inldllgible 
homological or other proposition can be predicated of the * ethmoid.' 

When Cnvier, with rererenee to the hvpothetical possibility of the hono^ 
logne of the frontal forming part of the bone t and ti in the ftog, adverts to 
the second mode of bringing the ' os en ceinture' into the ordinary ealegoij 
of cranial bones, by viewing it as the *ethmoTde,' he adds^ that it would thea 
be ** on ethmolde ossiflf, se que sera une crande singularity * (ik p, 888). 
Here it is obvious that the predominating idea of the ethmoid was that pro- 
sented to hb mind by the capsules of the oUactory organ in the crocodile und 
other reptiles, which he had so called, and which are whollv or in great part 
cartilacinons. But the parts of Cuviei's ethmoid in birds and mammaK whieh 
are in functional and physical relation with the crauial cavi^, rhineneephala 
and olfactory nerves, are ossified : the boncb also^ to which he gives the name 

* ethmoid ' in fishes (fig. 5, is), is ossified ; and, what is more to the pvrpoasb 
the bones (u) in fished ophidians, chelonians and sauriana, which repeat the 
essential characters of the batrachian * os en ceintore,' are likewise ossified. 

General homology teaches that the bone or bones in relation to the defence 
of the rhinencephda and the transmission of their nerves bdong to one dasi^ 
and that the parts of the skeleton, whether moabranoos, gnsdy or bony, 
which form the capsule or sustain the olfactory organ itself, belong to another 
and very different dsss of parts of the skeleton. But, not to antadpate what 
belongs more property to a subsequent chapter of thb work, observatkm 
shows the two parte to be physically distinct in all vertebrstes exeepi mans* 
mals, and to be distinct in the foetus of these. Whether we restrict the term 

* ethmoid ' to the neurapophysis or to the sense-capsule ^which in 
indndes the ' oonchs soperiores * and eeUs of the ethmoid), the ft 



be applied arbitrarily in iti extended or homdogical signification, since tho 



neunpophysu dismisses the nerve, not by a ' sieve-like ' platen but by a sincle 
foramen or groove in all the vertebrstes bdow mammala. The malUplkd 
foramina in the neurapophysial or cranial part of theanthropotomieal *ethnioi4* 
whence that name, as well as the spedd designation of the part called U 
cribrosa,' are modifications peculiar to the mammdian daeib but sol an 
here^ and they form no esseotid homologied character of the bone la qoestioa. 
It appears to me prefeiable, since we have two essentiallr distinct parts of tha 



skeleton combined in the mammdian and human ethmoid, to restrict the 
ethmoid to the part which appertdns to the sense-capsule^ u€, which is dircotiy 
ooneemed in the support of the membrane and edls of the dfaetuij oigaa. 

• Ol^sctiM to Okca't Ides, thst the pidkoBtd is the croeodik wai hoaob|«M with t^ 
psit oTths cthiMid oiled * OS pIsBOB* ia sathropoioBV, Gorier asyi, ** Or I'os fbMun aa 
psrahJsBMit tor hijoooi Q as w sMiBtrs dos dsM romo k eooif^ dts smUs si ss a*srt 
OS petit poiot dsas let gitoopttheqose ct osas q^Mlqoes chats. Jkm loos let ootiss bsa. 
■dflne rethBoids est cotiircacBt covdopp< ct caebe per Is polstiB'' (aolo thai slpd 
oooaeeiioo) •* ct psr Is froatd ct spMdoMBt per eetts poftie do ftoatal dosi fi ert I 
tooeotooettloactfaliod^tsekodsiiilei oripnet. Ls viritsMs sthowTds ert < 
de k ■lac Bsattn dsas Is eraeodDe, oosioos pwsgos isotes ess poitiss rssHsl 
asttii.''-^0MCis.tas^v.yt.L^7X '^ '^ *" 
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Btttlcmniig for tfie preieot tbe q««itioB of o«iic*» and letaraiiifftothiiin 
let w punne onr iMreh uid eompuitoDS of tbe bonet which coDunoe in too 



higher daaief to repeat tbe eawntial chanustenof those caDed 'preftootala* 
infiflhci. Were it nccewaiy to add to the rcaaopi abo? e aiiigned for regarding 
■o. i«» llg. IS, as the homologiica of m in the fiah, notwithatanding thej are 
eonnate in the batrachian, I would eite the atmeture and relations of those 
booca in the sword-fiah. The whole of the anterior part of the ezlensiTe 
intenxbital spaee is oecnpied bj the prefrontals (PL L ilg. 5« u) which jmn 
eadi other at the median line bj an eztcnsiTe vertieal oeuolar surface: they 
fonB tbe anterior border of the oriiit^ and the posterior wall of the nasal fossa; 
thej doee the cranial carttj anterioriy, and each transmits the olfactory 
nenre to the eapsnle hj a central foramen* They are almost covered by the 
frootak (ii) abovoi which they support by a broad flat surface; a very small 
portion only appearing on the upper surfaee of the skull at the anterior angle 
of the orbital ridge. Were the firontals separated, the prefrontals would then 
appeart aa in the fh«^ at the median line: were the suture between the two 
prefrontala to be obliterated in X^pAJot, an * os en ceinture ' would be pro- 
duced like that of the fkog. The nasal bone of the sword-fish, which Curicr 
caDa * ethmdidc^' presents a edlnlar structure of its baae (is, ns n) designed 
to break the force of the ooncnasioo arising from the blow which is delivered 
by the * sword.* Bat the prefrontals manifest more extensively this peculiar 
ceOniar structure, which Cuvier well says^ ** Ton prendrait presque pour lea 
ceflolea de rethmoide d'un quadrapdde*." 

Cuvier, not perceiving or not ajppredating the grounds of the homology of 
the * OS en ceinture ' wi& the prefruitali, describa the divided naral (is, fig. 
19) in the batradiia as the * frontaux antMeures *; and reciprocally, having 
caOed the bones in fishes, homologous with the bone i«, (which he thought 
might represent the ethmoid in the frog) 'frontauxanUforieures,* he gives the 
name 'ethmoUe' to the bone is, fig. 5, whether single or divided, m fishes. 
It is not n eces s ar y to add anything to tbe argumenta by which M. Agaiau 
has sustained the condnsion of Spix, that Cuvier's ^ethnund' in fishes to the 
*nasaL' And it needs, I think, only to compare the connectioos of the 
bones ii, fig. IS, with either the single or the divided nasals in fishes, and to 
glance at the obvioua homology of Sie bones k in Cuvier's pL zxiv. fig. 1 — 6f 
with the booes^p in figs. 4 & 6 of pL xzvL (« Ossemens FossOes,' t. v.ptfi> 
to ensure the acceptance of the condnsion, that his *frontauz antMeurea' 
in the fkog and the other anourans are the true nasal bones. 

Tbe membranons and cartilaginous basis of the lateral waUs of the cranium, 
espedally of its anterior compartments (prosencephalic and rhinencephalicX 
are incompletely ossified in all laoertian Sauria. The orbitosphencnds are 
r e pr esen ted in most by small sfyllform osncles ^'Ossemens Foasfles,' t. v. 
pt. 8, pL zvi« fig. ], a) bounding the anterior and mferior part of the proaen- 
cephalic chamber, and which Covirr, who describes the true alisphoioid as 
the petrosal (rocher), regards aa the representative of both alimhenoid and 
orbitosphenoid. The atisphencMd is, however, well characterised by its con* 
neetiooa with the basisphenoid and eaoedpital, with both of which it com- 
monly becomes anehylosed ; by the share whidi it contributea to the cham- 
ber lodging the true caitilagiiMQa * petrosal '; and by the notdi on ita fore- 
part for the cacmpe of the third division of the fiflh nervcb 

The «»bits and rhinencqihalie groove are bounded anterioriy and divided 



ftom the dfaetory compartmoits by two tranaversdy estended and antero- 
postcrioriy subcom pi esaed booj columns^ resting upon the palatines bdow, 

• Biit. da PtateoM, ^ vS. p. IM. 
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and aiching npwardi and backwaidii expanding as thev aicend, and defininf 
ezternaUy the membraDOUt apace perforated bj the olractoiy nenrea. TheM 
are the pirti in all liiarda tlial repeat the esMitial chameten of the pro- 
frontalf in batnushiant and fishes: they are^ moreover, dbtiaet fWim one an* 
other, and appear on the upper mirface of the sknll anterior to the fmrtalsp 
and thus resume their more typical chaneter as fint displayed in fishes. In 
the Urge moniton ('Osaemens Fossiles,* t. pt. 2, pL ztL fig. 1, c) there can 
be no misUke as to their special homology; since they articulate with the 
lachrymals (f) (homologues of the great anterior muoo-dermal suborbital 
bone;, and also, as in the carp, with a suprsorbital osside (k): but in many 
other lizards and in serpents they are confluent or connate with the lachir* 
mals. In this esse the external antoibital position and perforatSoo Ibr the 
mucous duet distinguishes the lachrymal portion of the coalesced bones. In 
the python the broadest part of the palatine^ formed hj the process direeted 
inwards and by the opposite one sent outwards for the suspenrion of the 
maxillary, articulates with the under surface of the prefronto-lachiymal bona ; 
and the inner part of the true prefrontal portion is notched by the olftctory 
nenre in its passage to the capsule supported by the ossified tarbinal*. 

The bones, which more resemble the anchylosed prefrontab in the frof^ an 
the frontals of the python ; but the resemblance is confined to one c h a n eter 
only, and that an exaggeration of a character common to the frontal bones of 
many birds, and of Skt ornithorhTnchus among mammals, yIs. a develop, 
meat of a median bony partition ftom the line of the frontal suture into tna 
median interspace of the encephalon. In the python each frontal sends 
down at the fore-part of this suture such a partition, which is therefore double^ 
as the falx essent*all? is in man and the mammalia, in which it retains its 
primitiTs histological condition of a fibrous membrane. The ossified laminm 
of the falx in the python bend outwards and coalesce bdow with the extenal 
or orbitosphenoidal plates of the frontal, and thus surround the lateral divi- 
sions of the fore-part of the brain (ihinencephalaV, which are drawn back 
in the progress of the concentrative movement of tne cerebral centres^ so aa 
to occupy the prosencephalic segment of the cranium, the prosenoe|A»- 
lon being, in like manner, protected chiefly bv the mesencephalie bony ardb. 
The change is preciselv analogous to that which takea place at the opposita 
extremity of the neural axis in higher animals. In the python every ss] 
of the spinal chord retains its pnmitive relation to the sesment of the 

u IntlH 



skeleton, through which it tfansmita its pair of nervea. In the 
concentrative movements of the spinal diord draw its hinder segasents in 
advance of thdr proper vertebrss, and the primary rdation is indicated faj 
the nerves which these vertebrss continue to transmit, and by which alone wa 
are suided from the segment of the andoskdeton to that of the neoral ails 
which ori^ndly governed its devdopment. 

Aecordmgly, at the anterior end of the skeleton, we trace the idatioa of 
the osseous segment, which transmits the olfactory nervea to thdr cap* 
sale, to its proper division of the neurd axis, by fdlowing those nervea back 
to the retracted ganglions (rhinenoephala) firom which they take their osfgia. | 

The connections of the annular frontals of the python with tha parietab and 
postrfrontak behind, with the connate orbitosi^enoids, and throQgh them with j 

the presphenoid below, prevent thdr homology bdng mistaken i for they are . 

far from completdy representinc or repeating the essrntial charaetew of the ; 

coalesced annular prefrontals orthe frag. 

Nottolengthenunnecessarily thiaez^Mition of the komdogiiesof Iha pro* ' 

* lany'Bcpoit'IwaimidcdbjfhscBnfliissesortlistraspraftsataUwilhfhsladuy. 
mabtovicwtbctwbiBiltCcQfaelsiaffSricarsi'orCavkr) ss ths bornkgass sf Ihs pm- 
ftwtab in the pjthoo.— Report of British AMOcislioB, 1810, p. 280. 
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fraoCab (u« 11^ 4aiid 5) in fishes. I paM at ODoe to the higbctt of exwdng i«^ 
I tilca»thecnieodile. Hera we fiad, in the dry sknll, the condition of the fwanial 

cavity in the fitfh bcaatifally and doael j repeated t the proeencephalio part 
opens freelj by the ^lertare bounded by the mbitosphenoids (fig. % it) into 
the eoBunon orbital earity (ar)f and the rliineneeplialie division ofthe eraniom 
is nfolonged, as a groove upon the nnder sorfaoe of the coalesced frontals 
I. ^ (aft. ii) above the orbits, expanding as it advance^ until it is arrested by a 

boundary formed by two bones (tOu 14). which rest below upon the vomer 
and give attachment there to an ascending proce ss of the palatines (ts), which 
I sustain hj their mesial and upper expanded surfi^es the nasal (ii) and fore- 

' i part of the frontal (11) ; and articulate esterioriy with the large lachrymal 

none (fig. 82, is) perforated as in the fish and lisard by a mucous duct from 
the oibit. They are each grooved on their inner or monal surface (indicated 
by the numerak i«, in fig. 9) by the dfaeiory nerve, where it escapes from 
the cnmium to spread upon the membranes sustained by the cartilaginous 
oqisules anterior to the bones in questioo ; below these grooves the bones 
(m) extend inwards and meet at the mesial line; but do not coalesce there 
as in the firo^ nor extend their mesial union upwards, so as to convert the 
olbctory grooves into two complete canals. They, therefore, retain or resume 
much more of their primitive piscine character than do their homologues in 
the frog, and manifest it coospicuoosly by developing a subtriangular external 
plate which appears on the upper surface of the cranium at the anterior angle 
of the orbit between Uie frontal, the lachrymal and the nasal bones. In short, 
the homology of the bones i4 in the crocodile (figs. 9, 81, 82) with thore 
so numbered in the fish (figs. 4 and 5), was quite unmbtakeaUe; and, with 
the exception of Spix, all anatomists have concurred in this respect with 
Cuvier: onl^ some of them have extended further and expressed differently 
the homologiea of the bones in question. 

Nowt beuing in mind the small brain of the cold-blooded crocodile, and 
the concomitantly restricted development of the spine or roof-bone in special 
rdatioB with the cerebrum, vix. the frontal (11^ which is aided in its se- 
condary function in relation to the orbit by dbtinct supraorbital bones in dl 
crocodiles, and contrasting the condition of the part of the brain which 
chiefly governs the devdopment.of the frontal bone with that of the same 
.1 division of the brain of mammalia, — let us proceed to mahe the comparison 

which Cuvier recommends*, in order to trace the homdoguea of the croco- 
dile's prefrontals in the mammalian dass. 

We place the skull of a ruminant (the red deer, €, g.) by the side of that 
of a erooodilct and delineate a suture which would detach a portion from the 
V ' frontal, having the same superficial connections as the upper peripheral plate 

l]- ^ of the prefrontal has in the crocodile. It appears to be fkr from presenting 

}; - the same figure; but most assuredly such artificially detached portion of 

the ruminant's frontal has not the same functions (*emploi*) as the pre- 
firontal has In the crocodile. For if we even Indude with the part so 
detached the anterior portion of the descending orbitd plate of the frontal, 
we find it joining bdow the oibitosphenoid witlu>ut an^ connection with the 
vtmer, or anv attachment to the palatine : it forms no immediate part of the 
supporting pUte of the rhinencephdon, nor of the foramina for the exit of 
the dfactory nerves. Such artificidly detached portions of the mammalian 
fiontd are entirely separated from each other ; whilst one of the important 
• ••Didbaidfetdtplsecr nw tito ds VMSAmifirs, ds nmistot psr siempte, k s6U 
4-tee tftic dt craeodils, poor t'snoicr ^H i'crt fidt id (• ds ftwtd sirtAkor ') vn dteem. 
teenMBt da finotaL On pooiroit, tSM itea dfrssgcr, dsnincr tar le froutsl do aaammif^ 
Istaiara fol ciiita dsat Is croeodOs, ct m dAschcrait sImI dsai Is ptcmisr aa froald 
aHisaroittoBifaaeporities,pitMustenl»stoBe,sts b iols Bi>ent ls a lmsc8itlst 
lscreesdas.''-OMCBuIlBirils^v.yt.il.p.7a. ' 
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pointt of resemblance between the prefrontab of the eroeodile and tfuiee of 
the fish are the mesial approximation and Junction of their dcacending (aei' 
mophTsial or rbinenoephalic) platei — the moet constant and impoitantpaiti 
of the bones in question. 

If the frontal of the mminant or other mammal were expanded only aC 
the parts corresponding with the detached bones called ^firontanx ant^ 
rieures" in the crocodile, there might then be ^juirndfaek probability thai 
such expansions were connate parts, dismembered in the erocodile'a aknUr 
But the vastly increued lateral as well as anteroposterior devdopmenl^ and 



the more or less vertical convex expansion of the frontal in ttie highest 
rertebrale dass, naturally indicate, in the fint placCf an inquiry into tiM 
concomitant modification of the nervous centres by which the deraopmoit 
of that bone is mainly governed ; and if such mcNlifica^n should then be 
found to exist, in the cerebrum, for example, which, irom the ascertained 
correlative progress of the frontal in other classes^ ought to cause or be 
associated with snch a general development of thai bone aa characterises the 
skull in the mammalian dass, it must surely be superfluona and gratnlloua 
to explain that development by the hypothceis of a coalopcence m another 
essentiallv distinct element of the cranial parietes: especially tfthat dement 
be proved, by a similar tracins of its rdations to the progressive devdopment 
of the cerebrd centres, to have as essentid and excKisive a dependence 
upon the rhinencephalon as the frontd bone has upon the prosencephalon. 
The position of the upper peripherd part of the prefrontal in the dtuatiott' 
" Icb it i 



in which it is seen in the crocodile, is, in fact, the least constant and impoi^ 
ant of the characters of that bone. In the bull-frog, for example^ the ex* 
posed part of the prefcontd is mesiad of the coiyolned parte of tlie nasali 

- and frontals instead of beins lafterd : in the sword-fish the pivfrontala banly 
appear, and in the python Uiey do not appear at aU, upon the upper aurfhee 
of the skull; but they retdn in each their more typiol nenrapophyaid po- 
sition, with dl thdr more constant and essentid characters. Th% enormondy' 
devdoped frontd of the mammd masks these charactersy and usnipe the' 
less constant and least important one, via. auperficid poddon, on which donn 
Cuvier insists aa proving the preftontd of the crocodile^ with ila conples 
functions and connections, to be such a diamemberment of the true fttmtab 
of the ruminant, as may be marked off with the pen on the npper anrfoce of 
the skull! 

The descending [rhinencephdic] platea of the prefrontd in the eroeodfln* 
(fig* 9, u) are subcompressed in the axis of the skull, and expanded lalenlly,* 
espedatly at their upper part ; where, in the dligator, I find them foradaf a 
ahallow cup, concave forwards for the lodgment of the cartilag^nona ollhctoij 
capsttlcr^f that part, namdy, which is osdfied in twmmfi^f^ uid there de»' 
veloped into the great labyrinth of the superior turbinak and ethmoidd cdla. 
The verticd plates, continued forwards ftom tim prefrontals, whidi extend- 
above to the nasd suture and descend into the vomerine groove bdow, to dd 
in forming the ' septum nariom,' are cartilaginona in the crooodfle : they art 
more or less osdfied, and form the * lamina perpendicularis ethmoidd* is- 
mammals. The median plate, dividing the dfactory nervea at their exil^ and 
developed backwards as a partid septum of the niinencepiialie chaadMr of - 
the cranium, and continued into the dmple interorlntd septam of the croeo- 
dile, also remdns cartilaginous: when oesified in "**"»"ffif% it foram tlia 
< crista galli.' Now not one of these cartilaginous representativea of the parti 

' of the compound bone called * ethmoid* in anthropotomy, is united or con- 
nected with the portions of the frontd in mammals which Cuvier baa aasnmed 
to be the homdogues of the prefrontals in the crocodile; theee boaca bdng 
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ia tlial reptile, m the preTrootale ere in liiliee» cUeflj eoooemed In doelng 

\ the anterior end of the cruiial cavity, in giving eiit to the oifadory nerves 

in iiiependiag the palatine arch, b coone&ng the vomer with tlie naaal vcr« 

tically, and the naeal with the frontal and laerjmal horiaontally, repeaUng in 

the eroeodile ibr the latter pnipoee the devdopment of the npper or boriiontal 

pbfe which had almost or eutirelv disappeared in some or the intervening 

' forms of reptiles. In most chdonians this portion of the prefrontal coaleicee 

* '< or is connate with the short nasal :bnt I have foand the instmctiveexeeptioQ 

' jl presented by the existing freshwater tortinse(.£l[^«lroiiiecfeaa)o^ 

I, jQtnre between the nas2s and prefrontals, reported in two fossil cheloniana 

* (flkfonc pUadoBM and Chtknw puhhrje^pt) ^% 

iVooeeding in the amcensive track of the homologiea of tlie preftontalsv 

I have selected from the dam of birds the skuQ of the ostrich (fi^ 8 and 8S)» 

the representative of an aberrant order, m which every deviation from the 

^jpe M the dam that has been supposed to tend towards the IfommalM, tends 

equally or more towards the RaitUia\t and in which, conformably with the 

lower devdopment of the re^iratory svstem, the origind sutures of the 

cianiom, or in other words, the dgns of tne vertebrate udietype on which it 

I is constructed, are longest retdne£ Were we to cut off the corresponding an- 

' terior angles of the frootals, no. 11, to those supposed to represent in manunala 

.1 the bones we are in onest of, we should have even fewer of thdr characten 

than in the higher dass dluded to^ because tiie descending orlntd plate is 

less devdoped, and the frontal, though its generd site is much augmented, 

I retains mora of its oviparous horisontality as an expanded spine or roof-bone 

1 ofthecranhnn. 

There b a large bone (fig. 25, ri) bounding the anterior border of the orbit, 
i ' and frwn which, as we have seen in the parrots, osdfication sometimes extends 

^; . backwards dong the inferior contour of the orbit to the postfrontaL But this 

bone^ besides its repeUtion of the connections of the lacrymd in the fish and 
I erocodOe, resting as in the latter animd upon the true malar bone^ is dther 

perforated or grooved by the lachrymd duct, which it defends in its course 
mm the eye to the nose, and has none of the essentid characteristics of the 
prefrontaL But we see on the exterior of the skull of the ostrich and other 
struthious birds t, a distinct rhomboidd pkte of bone interposed between the 
frontals and nasds^ predsdy In the dtuation in whidi the upper surface of 
the coalesced prefrontals anpears in the skull of the fit)g and Bther anourooa 
batrafthians. In a neariy nul-grown ostrich's skuU, I removed the left fron- 
tal, nasal, laerymd and tympanic bones, and the sygomatic arch, as in fig. 8, 
and found the facet in question to be the upper and posterior expanded 
surface of a large irregulariy subqusdrate compressed bone (A. i«), consist- 
inff of two verticd compact plates coalesced at thdr periphery, and induding 
a loose cancellous texture. The upper and posterior expanded sorlace of the 
bone extends a short way back beneath the frontals, descends and closes the 
anterior uerture of the cranium, and sends out from each side a plate of 
bone whicfa arches over the dfactory nervea and forms the canals by which 




« Bsport SB Biitidi Voofl Rcptiki,T^«Bt. Bsit Anoe. 1841, vp. 109, 171. 
t Tbeviasiyblidder SBdiatranttteiitorgiB,is.f.: the modfakitioB of fhs fiMthcn la 
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perforated by Uie oUaetorj iier?et (the eoone of wUdi aloo^ 
cephalic continiiation of tbe cranial caTitj» it ahowB bj the arrowa^ el. i% 
figi. 8 and 23) prior to thdr final eipanaioo on the olIaolorT organ; the 
main body of the bone forma the fore>part of the intembHal teptoa and 
the back part of tbe natal teptam, a tlight outstanding ridge or ap^ 
dividing the two turfaoet: it rettt bdow vpon the roatnl piolongatiQO of 
the pretphenoidy which, bowerer, bardj dividea it from the aemicjlindifed 
grooved vomer (u) which theathet the under part of thai proecaa. The 
potterioreztremitietof tbepalatinet devdope broad hofiaontal plalea marfad 
and opwardt (fig. 23, it), which join the lower border of na ity where it mla 
upon the pretphenoid. The outer maigina of the anterotupcador ezpantiott 
of no. 14 come into contact with the laerymalt : the pottenor border of the 
Terttcal or rhinenoephalie plate joint and toon c o al et ce t with the oibitoipbo* 
noidt (it). Thut we have all the fwcntial cfaaraeten of thente fr o ota la is 
the fitb, the frog and the crocodile^ with a repetition of thdr firtt impottaot 
modification in the tail-lett batrachiant, viz. tnat of median confluence; and 
it it not unimportant to obterve that thb it aiaociated with the oblittfation of 
other cmnial tutnret» bj which alto tbote hatrachiana letemble birda. The 
firtt ttep in the prog r em of thit median qiprazimatioB of the piefroi i t a l^ ia 
the development of the plalea whieh, in certain fithea^ convert the oUheloiT 
movea into foranuna; thete nietial plalea nezt come into contact at the ndddle 
fine, e.p. in XtpkiaimadE^fk^ppmi ; they proceed to coeletc e in'thefirog,aad 
the prefrontab are to much further eompretted in the bird thai the olftdory 
groovct open upon the outer or lateral inatead of the inner or meaial auifiwea of 
the rhinencepnalic platet ; they ait, however^ very deep groovea in the oatikb> 
and in the apteryz are canala protected by a dittinct cztemal plala. Thm 
interruption of the direct vomeruae connection by the nrolonged pretphenoid 
it the chief tecondary modification of the prefirootab m the bird. No other 
bone in thebird't tknll repcatt tbe more ettential charadrm of the praftonlnla 
infithetandreptiletbtavetheboneno.U9figi.8and89. CuviercauttiiitboBO 
the 'ethmoMe^ but bhmet the clear«chted and mnaittmt German amilo. 
mittt who applM that name to the prefrontalt in fithetandreptiiea; velte 
part of Cuvier't ethmoid in Uie bird antwering to the 'lamina cribrotn of Ibo 
mammal, tometimet givet pattage to tbe olfiietory nerve by ating^ foramen^ 
tometimet by merely a groove, a difference which doea net prevent Um 
adopting the homology here, though he oppotet it to the adcption^ by 
Bofanut, of tbe homo^gy of the tame part in the flth (amtt^ pu S15> IW 
tmooth plate forming, with the orbitotphcM^ the interorbital te| 
the *ot planum,' or papyraceout plate of the binTa ethmoid, wl^ ( 
the matting of thit part in moat mammalt by the downward T 



of the orbital platea of the frontal, oflered no difliculty to the 
termination of no. i4 in the bird ; and it forma aa littla valid oljee lh wi to 
Oken't modeofezprwting the ethmoidal honology of the prefiontala hi te 
cold-blooded ovipara. 

For the reatont belbre aitlgned, via. thai the terma « frontal antdriov* 
had been given to the bone in queetion, no. it, in tfmae animala in wUei It 
deviatet leatt from itt*general Wpe^ aa the natal nenrapophytii^ I ret^ tfii 
name* prefrontal 'for it under all ttametamorpbotca. Cnner, allcrbalanel^ 
the chaiactera of the bonet noa. it, at and n (tig. 83) In bbdi^ Inflinw to the 



opinion thai it it the true natal, and tt* an etnnitial part (natal protan) off 
the premazillaiy X with regard to ra, he im, ** lea ea e i t e inea et pine vomb 
de 1 orbite teruent pretque comme on le voodrait, on ' ' 



rieurt ou det lacrymanz." In which cat«, no. m having been dgeeribed ea 
the * ethmoid,* one or other of the above-named bonet would be wheOyahaeat 
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io lurdi. ^ Ca que pourrdt fiUre eroln que c'ctt le firootal antfrieiir qu'^ 
manqiie, c*ett que dm let oiseaaz 11 nV a poiDl de frontal poit^rieiir, H qua 
la paroi ant^riear de Torbite, k I'eiidrott oo la frontid antarieara ea troava 
orainaireaiaDtt eet manifestement fonn^a an granda partia par ana lama 
trantrerM da raChmolda*.* Bat the pottfrootal if sol always abeant fai 
birds : it is preseat as a distinet bona» though small, in tha aman's skally 
figiurad in tha * Memoir on tha DtRomlf' abova-cited ; and it is still mora 
developed ia that remarkable extinct (?) genos of winglem birds. Beudei^ 
to antidpata the snUect of a subsequent chapter of this worl^ a parapophysia 
always disappaam mm a typical imnent of the skaleton sooner tnan a 
neurapophysis. The rest of Caviares difficulty in tha recognition of tha pre- 
frontd in birds was more nominal than reaL 

Tha ethmoid, in tha restricted sense in which CoTjer appUet the term in tha 
crocodile and other animals with divided prefrontals, and in which I would 
apply it in those animals also in which tbe prefrontab have coalesced, Is 
nreient bat remains cartilaglnoas in the binL In tha mammal it becomca 
mmy and contract! anchyloses not only with the still more reduced debris of 
tha coalesced prefrontals, but alsoy— in oomequence of the change of positioa 
of the prefrontals through the further pro g r M S of concentritton, whereby 
thc^ are drawn backwards closer to the prosenoephalic part of the cianinm, 
and in oonfeqoenoe of the concomitant expansion of the true frontals, — with' 
the orbital plates of the frontals ; and accordingly these plates usuip in most 
mammals the office and the position of the external parts of the prefrontab 
in the cold-blooded vertebntaf. 

The posterior part of the coalesced prcfrontsb (6gs. 84 dr 25» i«) divides 
the anterior aperture of the cranium into two outM, upon the inner dream- 
ferenoe of which the rhinencephala rest ; esch outlet being commonly dosed 
by part of the olfactory capsulei^ which are osrified and perforated to reodva 
tiie divifions of the d&ctorj nerves. When the prefrontals extend backwards 
and bcjrond the cribriform plates, they form what is termed the ' crista galli*: 
this exists in comparatively few mammalia ; bat is as large in the seal tribe 
as in man. In the tapirs the prefrontals expand above and overarch the d- 
Jactory capsules, but thdr upper horiiontal plates are overlapped by tha 
nasals and true frontals. In the DdpkmUUe, where the olfactory capsules 
are absent, the prefrontals expand posterioriy, and diverge fWmi their inedian 



ooaleioed portions eonstitnting the septum of the nasal pasaage, in order to 
form the posterior boundaries of those passages and the anterior wall of tha 
cranial cavity. They again expand and form a thick irregular mass anterior' 



to the nasal passsgas m someDe^pAMtdlc^ and in ZipUui oasification extenda 
fibrous i ' ' 



along the fibrous continuation of the prefrontals forwards to near the end of 
the premaxHlaries}. They are connate with the orlntosphenolds bdiind, and- 
Boon codesoe with the vomer below; they rise anterior to the frootaJs and 
support the stunted nasals which are weiued between the prefrontals and 
f^tals. The cetacca are the only msmmalia In which the prwrontah appear 
upon the exterior of the skull, and which In this respect resemble the reptOia. 

* Lsfoss d'Aaat. Comp. 18S7, t» iL p. Mi. 

t Caiisrtdus tbisgraaadiaotjecttiigtoOkcaSsChiBoidsl hooMlogy of the pnftoatsl 
la the cvocodOe, sad lajs, *' ths sthoioid eooisU ia s csitilaglBOas state with, nd Is cava* 
loped hy, the jndhmtal, 'oonme Is psrtle satMesrs dm frontal CBTdonperethaMfids dss 
roBiBaat."'— HisL dss PdisODS, v. p. 235. Tbs comspondesee is aagsnated, hat it 



■Mtten Bot There ars other eharactcn of the sMBunaUaacthsMiid, as the dosiBg of Ihs 

bjCofiei's esrtilac^aoas 'ethaioide' ia the croeodtte^aadanvsry sttisbetaritysohy the 
fnlhMldBlathMsafaBd. 
t Ossesk ?oss. V. ft i p. m. 
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Ca vier describes the poiterior and raperior exfwadcd and divcmng tihtai 
of the prerroDtak at ** la lame cribreue de rethmoldes* the t o afa ecd pait 
fonning the septum, be ascribes to the vomer*. Dr. KostBaf* alMb wbo 
regards the ethmoid as no proper bone of the 8kull» bat only ao oasified 
organ of sense, yet describes, after the anthropotomists, the eoa Vfi c e d pv»» 
froutals as the cribriform and azygos processes of the ethmoid (• Siebplatt^ 
and * Scheidewand des Siebbeins,' pp. 85. 89) in eetaoea which haTo oo 
organ of smell. In a joong balsenoptera, in which the frontalis the vooMr 
and the nasals were ossified, I find the prefrontals as twocartilaniioaaplatai^^ 
extending from the nasab above to the groove of the vomer below. In th«^ 
manatee the essential parU of the prefrontab which close the eiaaial cai^ 
anterioriy, and give exit to the olfactory nerves, are thick and anosoallf 
expanded. But in no mammal do these parts, with their eootianatioii, tba 
Maraina perpendicoUtfis,' which, as the coalesced nenrapophyiial phtes of 
prefrontals, brings the vomer below in connection with the nasab abov% 
ever undergo soch modifications as to obliterate their tma ai 



In proceeding next to consider the special homoio^eB of the bones of tha 
arch closed by the premaxiOaries (ts) and eonstitutinff the 'npper jaw/ 1 
commence with the palatines (ss), because they fonn» throa^oot the vcrte-^ 
brate series, the ihost c^iistant Uedium of suspendon of that aich to tha 
anterior cranial segment formed bv the vomer, prefrontab and sasaL TUa 
* secret affinity,' as Goethe would have termed it, before tha knowladsa of 
the general type had revealed its nature, b manifested by the prooess m tho 
palatine in man, which creeps up, as it were^ into the orbit to eiect its wonted 
onion with the prefrontal, to that part of the bone^ viz. of wUdi Cvvier had 
recognised the nomologue in hb * ethmolde' of the bird}. It b the maj 
oonstancy> indeed, of these and other connections which has exempted tllo 
palatine from the different determinations and denominationa attached to 
other bones, and which renders farther discnssion of ita fecial ~ 



PBMing over, for the same reason, the maxUlary (ti^ and prwnaviliaiy (n)i 
and referring to the exodlent treatise by Dr. Kosiiin§ for the grooDda of. 
the determination of the ' pterygoid' (m\ I proceed to notice oucr boiM 
which, diverging from the maxillary arch, serve to nvo it addilioBal ii 
and strength m the air-breathing vertebrates. The first of these b the i 
bone (fig. 11, is), the homology of which haa been traced withoat difib 
of opinion throughout the mammalian clasa ; whereb however, the inoonafancy 
of its proportions, number of connections, aind very existenoe^ b anffideBt to 
indicate ita comparative unimportance as an element of the maxilbiy ar^^ 
It b absent in many insectivores (CaUtteB, Eekinomt Sonx)i it has nol 
been detected as a dbtinct bone in the sygomatie aren in the monotrenci^ ob 
account perhaps of its early coalescence* as in birds, with the mai^lafj' 
(fig. 12, ti, ss): in Mj^rmeeapkaga piffantaa and Honisb it pngeda back- 
wards, as a styliform appendage, from the mazillaryy bat does not alt^ tha 
squamosal; whilst in the sloths and their extinct eoBgeneta tha gigantie. 
megatherioida, the malar presents its maximum of dcvelopoient and cmaples* 
ity |. In the DdpkMitt^ again, the malar b mo^ rednoed : bs sBghd^ e»» 
panded maxillary end forma part of the orbit and joins tha franlal; tlM nal 
extending badLwardi^ aa a very alender atyle, beneath tha oibit to the i 
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'I nonO. TiMmakrJoliif thopoft-oiUtdpnioeMortlwIhmtdiBtbeJfaMi. 

* 'l iMf jn^pdbim, the lilppopoteimi% die lolipediv and nimiiuuiti, aooM canil- 

vorci and tha tcmviB; in the traa qvadramanct and man it joinitlMalifplie- 
iioidt and loawtimet alto the parietaL 

The pmene^ fona and eonncctionaorthe malar are mvch more eonttant 
in the dam of Innb ; where^ however* it mnst be sought for af an indepen- 
dent bone at an eariy period. In the yoong oetrioh ^fig. 29, tt) it is redneed 
to the fonn of a dmplc^ itraighty ilender style, and Mdesoss tint with the 
■imifauly-shaped squamosal (v\ and next with the malar process of the 
mazillarj (tr)* u tlie crocodjle the malar bone (fig. 889 ts) beoomee more 
devdopedy and adds the eonnections with the postfrontal (11) and the eeto- 
I pteiygoid (m') to the more constant ones with the maxillary (ti) and squa- 

^ mosal (v)t wmeh alone sustain it in birdk In most of the ehdonians the 

^ malar presents the same oonnectioos as in the erooodile^ but is transmuted 

[ ftom a 'long' to a 'flat' bone. Itretains the expanded shape in the agama; 

but in most other lizards it resumes the styloid form ; bemg broadest, how- 
ever* in those genera, «.^.JS^iKma, TKoriefes^ TWiuf^ in which it extends from 
the maxillaiy to the postfrontal and squamosal ; in the l^vtmt it pnjeeta 
fteely beckwardi^ like a styliform appendage of the maxillary, as in the 
i) toothlem mammelian Avts, abore-dted. 

' i There is no malar bone in ophidians and batiacldana. The lower portkm 

r of the tympanio pedicle in the AMmru sends forward a process whieh joins a 

\ ; backward prolongation of the maxillary : in all other batraehia the lower 

\ , portion of the ^rmpanic pcdide is restricted to its normal connections and to 

Its function of affbrdlng articulation to the lower jaw. With regard, there* 
ton, to the lygomatic modification of this portion of the pcdide m anourous 
BatraekUh some may deem it the homologue of the malar; and, in marso* 
pial quadrupeds, the midar actually forms part'of the glenoid cavity for the 
lower iaw : or it may be regarded as the squamosal, which constantlT sup- 
ports the lower jaw in mammals : or it may be viewed as the cosl c sced homo* 



1 

• I ; 

^ logue of both Imhics : or finally, as a sim^ modified dismemberment of the 

tvmpanic pcdide of the higher reptiles and birds ; eflbcting a union with 
the maxillaiT bone which aukes it analogous to, but not, therefore, homolo- 
pms with, the distinct malar and squamosal in those higher vertebrates. This 
» a question of specid homdogy on which I am unwilliiw at present to 
|( exp r es s a decided opinion : but viewing the ineonstancy of the squamosal in 

,* reptilia, and its deprivation of the function of exdusivdy supporting the 

I mandible in all ovipara, I am disindinfd to adopt the idea of iU sudden resti- 

't tution to that mammalian function in frogs and fishes ; yet, if'either of the 

I bonesssandvaretobesdectedasthehomdogueof thehypotympanic(tid) 

I of batrachians and fishes, I should regard the daims of the squamosd to be 

stronger than those of the malar, which Cuvier has ^osen. The fbrther sub- 
division, however, of the ^fmpanic pcdide in fishes* preparee us, in the aa- 
oensive comparison, for the nmple division of the pedicle in betiachia, and 
for reeognisiag in the lower artieolar portion a vi^giiative dismemberment of 
ts in the eroeodila. 

The characters and chief changes, in respect of connections and functions, 
of the squamosd (tr) in the msmmalia have already been noticed in the dis- 
eusdon of the homohiffics of other dements of the complex < lempord bone' 
in that daes. In Uids the bone (fig. 83, tr) undergoes the same change of 
Ibrm wUch has been noticed in the jugal, via. from the souamous to the 
stykid. It continues, however, to connect the malar with toe tympanic as 
it does in fiss. 11 and 18, but it has no connections with other bones. Cu- 
vier having been led to recognise the squamosd in the mastdd (fig. 83* s) of 
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the « portioo fouDeiMe* of dbe ieapofil iB f 



do« not Atiag^ « fioaM» dM tM « jails' nd G«oAw 



lie figiim vider the letter R, fig. I7» pL S7 (AoBdei d« Mattel z.> edb* 

tfaetnietqiiaiiioal,theoMiMliqMunrtaooorvhi^l^ htd 

iiotieeduitheehiek.«jiipiiMMtMeu«.* HeAdnolwfaulttatttkdMriott 

of the zjgomatie ityle wM eoorteat or eiMBMOs hi th« oileMBj of the ehal 

oTbinls: bet I have alvaji fooad eeA ifiviMw hi the CBbTe^ aad H €0»- 

tinnei longer than nsoel in thoee verf ipeeieii iufuthe da« and ortiieh 

(fig. 29, M».»\ in wluehGeoftoy denies iteesMtenee(te,pwS61> Ohcfi 

aeeoiatdy dcMribet the two eonititacnli of the iTgona hi the ffcali of the 

gooM^in hit cbaraetcrirtie end offiginBlEHej*, where he callt the poelefior 

pieoe («) the heeMfat» end the aaterior one (m) the ia£ae of the hnd. 

Bojenaif , who ako recogaited the fret of the ttntiil iaffividaafity of the 

bone («) ia birdi, bat who WW the hoaMdogae of the tqaaaonl lalher in the 

tfmpenie (at), edit it * oe sygoetetieaB pot tm afc T I eoald die odMr tail^ 

moaict to the primitive ezitteaee of the diftoMt heae ia birdi ooaneethf the 

malar with the tjaipene; bat the faet which ^iefir eoaemt at here iib that 

if the tpeeial hoiaok» of aow t with the mattaidL and ttat of now m with 

the tjmpenie be proved, we ti^n have a bene ptftfatiag the moat eonttaat 

eoanectioat of the aqaamotaliaaoww: if, however, that aame be tr a a a faf i e 4 

at hat been done by Caviar, B<ganntt and GeoAoy, to odMr bonei^ Aan a 

new boue and a new oame meat be iatrodaeed iaio veK rf nate craniology, \ 

for which, aa I trnat I have ahowq, Oere ia no aafieieat groaad. ^ 

Both Okeo and B^aaaatrightlTdiMera hi the permaaeatij &tinet bone 
which, in the cioeodilet (fig. «i «) and didoniana, eonneeta the Bialar (m) 
with the tympeaic (at), the hoatoiogae of the bene they eall « craaid haam» 
nii,'or<iygoniaticampo8teriaa'ia thebird. Caviar it aaora aeeaiata ia Ui 
detennination of thia bone (fig.SS» v) aa tha 'aqaaaaoid' hi r^tileas hat 
again at the expenae of hit rorttittrnry ia regard to tha charadan of hfa 
aqoamoaal ia the bird: lbrthelMNnohi9orBowa(Cavief^a«aqaaaBotd')ia 
%88 with no.t(Cavier'a 'amatoid') inl^SS, ia aa ebdont and aaaiidalr»> 
i& aa it that of no. « (Caviei'a < Miaamoad*) ia fig. S8 with BOW tr <Ub db* 
membermentof thejasu)iafig.fiS. The aqaamoml ia rdatively atioi^aM la 
erocodilet than in biru, and in amny chdnniana ratamea ita fia^ aoam-Bha 
fonn; dthoogh, at Cavierwdl obasvea, il aaawen, ia fiuMdoa, edy to tha 
zygomatie part of the mamaMliaa aonamoaal :— * e*ett aa tempord doaft k 
perlie erdaiale a ditpani|.* In liardt the aqaaaaotd agaia rtaemM tha wfm 
gomatie or atyloid ahape^ eoancedng the ataaloid and tyatpanie with tta 
pottftontal, aad oaaaDv alto with the aaalar ; the 

At the aqoamotd variet ia fima with the aaal 
with it ia ophidiaaa ; aolem the 



tee it agafai ia the peealiariy devdopcd hypotyamaaie 
eoiding to ttia view of the aaddaa reaaaiptioa of ila ■ 
regard to the lower jaw in batrachia, the naate 'aqai 
npaaie in fithet; aad, if wa a 
MndogicallT oompoaad,* and not, lika tha bm 
oompoaad, ltd trema to bm a lem aibitraiT 
It hmg aad aabdivided pedlde^ for tha npn 

toa,4tabl80f,m. 

fhanattwaifcm 



jaw ia batrachia, the aaate 'aqaamotd' mn be 
femd to the h y po Cy m p aaie in fithet; aad, if wa mad view toe 
(ft tt-^ fig* 5) aa *boaiolflgicallY 
ramot, *teleologicaIly oompoaad, i 
ftom the pieoet of ttat hmg aad aabdivided pedide^ 
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JB2 ON TBB TBRTSBBATB IKBLBTOIt.- 

^ of tbe iqiiamosal, than Um proximal or uppennott picoe (na) to whiek C«- 

iV Tier hif applied tliat name. If, indeed, B<ganvf could baTe determined to 

({ ' hit own tatiafaction or that of other anatondsta, that the pedicle (tt, ilg.8S^ 

' * aiticolated by one end to the martoid, and bv the other to the mandible, m 

birdi, was the 'iquamoaum,' then then wonra hare been lome ground for 
fcgarding the bone (wuh fig*5) connected in fithe«i with the maatoid at the 
'•anamotnm.' 
• j But when Cnrler had penuaded himielf that the bone no. i, fig* 83, in 

\\ I birda, to whidi the tjrmpuiic pedicle b articulated, was the ' toille du tem- 

poral,' we fed at a lorn to know on what prindplet special homologies can 
1^ I be traced, when we find the name transferred to the upper part of the tjm- 

\ V panic pedide in fishes (fig. 5 ts a), which is articulated to the heme (s) un- 

> ; equirottUj answering to CuTier'e * €cdlle du tempond ' in birds. M. Apassts 

is more consistent, and abandons with reason the Cuvierian determination of 
the squamosal in fishes : if, howerer, the grounds assigned an condusiTC as 
to the homdosj of no. s, figs. 8 ft S8 in birds with the mastoid of mammals 
and reptiles, M. Agassis cannot be correct in regarding the bone no. s, fig. 
5 in the fish, aa the <6caille du temporaL' 
With rererence to the idea entertained by Spiz, Geoffiroy and Agassis, of 
I . the homdogy of the suborbitd muclferous scale-bones in uhes (pL 1, fig. 1, 

I n) with the malar bones of higher Tcrtebrates, I mav refer to what has 

already been said in regard to the actud repetition of the osseous arch con- 
necting the prefrontd with the postfrontal in certain birds (tft. fis. 1, rs)^ 
where that arch coexists with, and independently of, the bone (i^9o) recog- 
nised as the * malar' by both Spix and GeofiVoy. The connection of the 
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jf even in mammals, with the lacrymal and post-irontd is less constant 
and characteristic of the bone than that with the maxOlary and souamosaL 
And it may further be remarked, that the functiond character of dreum- 
seribing m mucona duct, manifested by the lactymd or anterior end of the 
upper sygomatic or suborbitd ardi in the parrot, is superadded to the cha^ 
tacter of connections in proof that such arch, mad not the true sygomatio 
arch bdow, is homdogous with the suborbitd chdn of bones in fishes. All 
these diserepandes aa to the jugd and squamosd in fishes arisen in my opi- 
nion, out of the circumstance that those bones an nonDaUy absent in that 
dass; both ts and tr, figs. 11, S% 83, 84^25, bebg aeoessory parts, devdoped 
only in sanrians, chdonians, birds ^nd mammals, tor additional fixation of the 
upper jaw, or for additiond expamdon of the cranium, or for both purposes^. 
According to this view, I regard the tympanic (ts) as essentially charao- 
terised in the oviparous vertebrates (fishah reptiles, birds) by its free articu- 
lation by a convex condyle with the mastoid above, and by m convex condyle 
with the mandible bdow; and I regard its subdivisions in the lowjBst of 
these vertebrates!, in the same light as thesubdividons of the mandible itsetfl 
The formation of the tympanic cavity and support of the ^rmpanic membrane 
are secondary functions. The tympanic pedicle is esaentully a dngle cranid 
dement, and actudly so in dl air-breathing vertebrates abiove batrachians. 
We see plaid^, even in the frog, that the portion which supports the ' mem- 
btanatympam' is amen exogenous process of the pedide: it has still leas the 
appearance of a distinct part or process in the saunans, chdonians and birds i 
and when the tpnpanic is exduded by the squamosal in mammab IVom Its 
Bonnd ofltoe of supporting the mandiUe^ it still manifests its character of 

llo the bsA pBt d the ftee estrcailtj d the flBSifllaiy 
be bat dsimtohoBMlogvwiththsanlar.ifthetethsr 
I heniM sad lepidosices lU BOt iBdlolB U to bs a vffs. 
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SPBCIAL HOMOLOOT. SQUAMOSAL. 6S 

unity, whether it be expanded Into a ' bnllm OMea,' extended Into a long tube 
or meatat, or both, as in fig. 24, is, or whether, as In fig. 85» It be redneed Is 
a mere ring or hoop supporting the tympanie membrane^ until It eosl es c M 
with other parts of the temporal, to form the tympanic or 'external auditory 
process' of that bone* In no air-breathing vertebrate have I ever foundf or 
seen described, the separation of the part of the tympanie forming the wail 
of the tympanic chamber from the part supporting the tvmpanic membrancb 
or this distinct, save in batrachia, from the part supporting the lower JawS, 
The tympanic pedicle is still further subdivided in fishes; bot M. Agassiils 
original idea of the * epitympanic' as a dismemberment of the pedide^ which 
he proposed to cail * oi earre stgi^rietrr,' is, in my opinion, much mors oondst- 
ent with nature than his later determination of that bone as the ' mastoid/ 
or than Cuvier's attempts to find the homologues of both the mammsliao 
* squamosal ' and ' jugal * In the piscine subdivbions of the same pedicle* 
There is as little ground for making the sygomatie procem a distinct deneoit 
from the squamous portion, as for severing the annular process from the rest 
of the tympanic This idea of the zygomatic as an independent fnece^ whieh 
Dr. Kostlin has also adopted, seems to rest only on the mal-detenninatSon 
by Bojanus and Oken of the true squamosal in birds and rnitfles ss fhm 
^zygomaticum* or 'jugale posterius : and the Idea was pernaps further 
strengthened in Uie mind of M. Agsssix, by what he deems to be the essen- 
tial and characteristic function of the squamosal. But its protective cere- 
bral or cranial scale is a peculiariy mammalian development ; much reduced 
in the ruminants and cetaoea, and totally disappearing in the oviparous vei^ 
tebrates. The zygomatic functions and connections are^ notwithstanding k 
few exceptions, as In the scaly mamM and a few lizards, the essentisl homo- 
logical characters of the ' squamosaL' The necemity for forming an opfadoa 
of the essential nature and general homologies of the parts blended togel^bcr 
In the human ' os temporis' by the sscensiva or svnthetic method, b striklofllf 
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exemplified b^ the results of the application of M. Agaisiz's Idea of Its i 
to his determination of the bones in the head of fishes. -^ 

As the palato-maxiHary arch in most air-breathing vertebrates snpporti^ m^ 
cording to my views, certain appendages, e. o. the malar and squamosal, wUek 
are not present in fishes; so^ I believe, with Cuvier, that the tympaBOHBua- 
dibular arch supports in fishes, certain appendages, which are not developed 
In any other class. It is this Uuct, chiefly, that has led to so much dbcrqpancy 
In the attempts to determine by reference to bones hi higher vertebrates ths 
opercular bones of fishes, — the chief bottle-field of homologlcal controvenf. 
AH the four opercular bones forming the diverging appendage of the trus- 
pano-mandibular arch (fig. 5, S4 to sr) were demed by Cuvier to bo peenliar 
ichtbyic super-additions to the ordinary vertebrate skeleton ; whilst l^ Ms, 
Geoffitoy, and De BbdnviDe they are held to be modifications of parts wlueh 




VtoHipkMM JtuMUm finnsni I'sppL. 
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64 ON TUB VEBTBBBATS SKBLBTOKa 

[i ttiil la tlM ordioarj or endo-ikeletoB of olher T«itebrmU. Tkb leaniad 

• '• PkofiiMor of Comparatiro Anatomy in King's College^ London, wlio re^nb 

this af *'tlie more pbiloiophioal moda of comidenng UiamV' luw briefly 
stated the homdogiet proposed by the aupporters of this Tiew, vis. that the 
opeiCQlar bones are gigantic representatives of the osrides of tfie ear (SpiZy 
Geoffroj, Dr. Grantf }: or that they are dismemberments of the lower jaw 
(De BlainTille» B<gannsX — a view refuted by the discovery of the compli- 
cated straotnre of tlie lower jaw in certain fishes, which liltewise possess the 
^i operpalpr bones : he then ates a third view, vis. that tliey are parts of the 

dermal slceieton t ^in sliort, scales modified in subserviency to the breathing 
function r an opinion which Professor Jones frankly states that he derived 
from my Lectores on Comparative Anatomy, delivered at St Bartholomew'a 
Hospital in 18S5, and which he adopts, although its accordance with his firrt 
proposition is not very dear. I have subsequently seen reason to modify that 
view, thoogjb it has received the sanction of the greatest ichthyologist of the 
present day, M. Agassis ; and, as I have since found, had presented itself so 
early as ]8dS» under a peculiar aspect to the philosophical mind of Professor 
Von Beer. In his admireUe paper on the endo- and exo-skeleton, M. Von Baer 
ciprcsies his opinion, that the opercular bones are (dermal^ ribs or latersl 
portions of the external dneture of the heed). The idea or the relationship 
of the opereular fluw to locomotive organs is presented by Carus, under the 
todful view of their homology wifh the wing-covers of beetles and the vdvcs 
of a bivalve shdl|. In 1836, M. Agassia propounded his idea of the rektioa 
of the opereular bones to scales in a verv precise and definite manner; 
tliough, as I have dsewhere shown 1, the chier ground of his opmion is erro- 
I neous. He savs, ^Les pieces opereulaires des poissons ne croissent pas, 

ms vertdbres en g&i6ral, par irradiation d*un oi ~ ~ ' 



1 ( 



I les OS des vertdbres en g£n6ral, par irradiation d*un on de pludeurs 
points d'ossification; ce sont, an contraire, des v6ritables toilles, formto, 
t^ comme ceQes qui recouvrent le tronc, de lames d^poste succeanvement 

' )• les unes sous les antrea, et dont les bords sont souvent mftme dentdte 

i eeux dea teilles dn corps. Tds sont I'opereule^ le snb-operenle^ si 



,] •PMliBnQrBjiiitf Jones, GciicnlOiiliins«ftlMABJBialKhigaom,8fO, 1841, p^ 

t Leetnct»Ls]icel,Jaii.ll,18S4,p.578; OntKiies of Comp. Aait. p. 64. 

i) 1 "Is mtndicrBcriehimg gsbScea die Ktoimmdgckd la^, md Ich hsKs sis vm es 

^ nehr filr (Hint) RippeB,dh.ftf8citea«hcDederiiissemBiiig« des Krafi^ 

I ia dea gcwdmHclien Knortcraflichen fijrnichts endegBS ansehen ksna. BatbeidieeeBBwh 

I \\ der dierte Knochen des Pemendedtds wenig Arhwlifhkrit nit B^ipeo, so eehl dagegsa 

1 i I der vBteme so vnveriKeBBber ia die etnUeader XkneBhant Aber, das der uebemaff car 

} . BlebtnwkeBiieBteL''—Med[el'sAndiiv, 1826, Shell, p. set. 



ItL"— Medcel's Axdiiv, 1826, S heft, p. S68. 
Ab analogooB Idea of Uie rdatioB of the operadar bonee to the inferior or coetd arches was 
Kopoeed by Oeoftoj St. HiUn (see Aaneles des Seieneee, t. liL pL 9, and Cofler, Hist, des 
FiDttMiBS, L p. SS2), and has been adopted bv tbe leaned Fkotesor of OoBspeiative Aaa- 
•oniy in UnHenitj CoDeie, who* speskuig of tbe ooclpitd vertebra, sejs, '^ The two eatenud 
and tbe two Intcnl oee$itels faim the vpper ai^ and the two opereolar and two sah- 
opereolar bonee eoastttote the lower erdk^Oiectaree, Lancet, 18S4, p. ft4S.) Hesabse- 
mentlj, however, adopts and flhntKates (p. 57S) tbe homology ef the operader booee with 
the <oeBtenlsaaditaa^of BiaasBialia;aBd]a the ' Ootlines ef Comp. Anat.' eltee only the 
SpiiSan and BlaintiDiaB hypotheses (pp. 64, 6S). Ia my Honteriaa Leetaies (voL IL 18S6^ 
pp. 118, ISO), I have addneed the graaadawblA have led me to the oondoskm that the 
opoKBlar boBsa an adtfaer ribe of the e»><4kclekon, nor inlinior arches of the endo-skdeton, 
I <rfaa faiferior (hnnal) arch I not, however, ef theoodpital 



vertebia, bat ef the TOtd t Inrt ee tbe bianddoetesal rays are the appendagM of the baaul 
archof the pnietal, end the peetondSnsof tbateftheoedpltalveitebnB. Ilyapeiteof 



I * lioth endo- and eao-ekdftoB auy oombine to cooatltate the 
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both endo- and eao-ekdftoB auy oombine to cooatltate the opevonler 6n la the mors pr^ 
beUe^ in a smuch ae we tee the same oombfautioa of cartlla^noae and deoaal nm ia the 
peetesal 6ns of the plaslostoaBes, spd ia the median 6ns of SMOt Mmb. 

i Urthe0eBdesKnodheanad8Ad•MeriMesbfiBL^ItS, 

I Lsetaics oa TortdbnlBb A. 1S9. 
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riDter-opercule. Le suprft-scapalaire mtoe pent tee enritag^ comma *b 
premidre faille de la ligne laterale» dont 1« bord ert %alemeiit dentdii Ob 
pourimit dire aassi qae le Bcuialaire n'eet qe'uDe trdt frande £eaille de la 
iMuiie anUrieare den flanct*/ And be addi» *'L'opliiioo qae X^l teiae k 
leur tgard prouve que je sail loin d'admettre les rapports oue Ton a ofB 
trottver eotre let pieces operealaires et les osielets de foreille iDtcmet*** 

I apprehp-id that the idea of the development of the operenlar booea hf 
the successive eicretion or deposition of layersi one beneath the other, ao> 
cordioff to the mode in which M. Agassis supposes scales to be fonnedt waa 
derived merdj from the appearance of the concentric lines on the opercular, 
subopereular, and interopercular bones in many fishes. I have examined 
the development of the opercular bone in young gold-fish and carp^ and I 
find that it b effected in precisdy the same manner as that of the Urontal and 
parietal bones. The cells which r^ulate the intussusoeptioB and depositioa 
of the earthy partides make their appearance in the pnmitive btastenm is 
successive concentric layers, accordine to the same law which presides over 
the concentric arrangements of the racuated ceUs around the medullary oanali 
in the bones of the higher vertebrate: and the term 'succeisive deposition,* 
in the sense of excretion, is inappli<»ble to the formation of the opereoiar 
bones. The arsumeut in favour of their dermal ehaneter drawn Irom tlia 
phsBUomena of the development of the opercular flap^ would equaUv apply to 
prove the bones (ulna, radius, caipus. See.) supporting the peetorJ fin, to be 
'dermal' honest- 

The interopercular as well as the preopereular bones exist in the Lqti^ 
doiiren a nneeUms witii all the characters, even to the green colonr, of the rest 
of the ossified parts of the endo^keieton ; the preopereular, as an appendage 
to the ^rmpenie arch, retaining its primitive embryonal subeylindriod fons, 
the interopercular being partiy attached to the hvoid arch. Of the aopv^ [ 

scapular there is no trace in the lepidosixen ; but in the stnigeon it plainly 1 1 

exists as part of the cartilaginous endo*skeleton, under the same bmucato > 

form, and double connection with the cartilaginous skull, which It preseota 
in most osseous fishes. The large triangular bony dermal scale firmly adhersa 
to its broad, triangular, fiat, outer surface. Ine «ii- and meso-^mpanie 
cartilages in like manner expand posteriorlv, and give a similar aupport to 
the large operoular ganoid scale. Were the suprorting cartilagea of tbo 
opereufiur and suprascapular scales to become osnfied In the stui gouB, they 
might become anchylosed to the dermal bonv plates, and bones^ truly bcMiio* 
logons with the opercular a ' 



and suprascapular In ordinary oss c o ua fishes, 
would thus be composed of parts of the endo- and exo-ekdeton Uemled 
together. I cannot, therefore^ concur with Von Baer in the opinion that tho 
opereuUr bones are ribe of the exo-skdeton, nor with Anssis that both tlM 
operoular and suprascapular bones are merdy modified scues. In ezdainiqg 
my views of the operoular bones, I am oompdled, bdieving them to nave bo 
specid homologues In higher animals, to express those views in the terms of 
a higher generdixatioo. The suprasc^ular bone (fig. 5^ «s) is the upper 
firit part of the hsemd arch of the oodpitd a^ment of tbe sknll, ano oon 
spends in serid homology with the q>i*tympanic portion (ts a) of the 



bular arch, and with the palatine portion (ss) of the maxillary ardL Tibo 
opercular bones are the divetging appendages of the ^mpaiKHmandlbalar 

• tacfaathssivlssMwMHlbsdles,finBiBeaSsieilSSS,tsai»l«.^Si. 
t lS.p.7S. 
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G6 ON TUB VBBTSDAATB SKBLBTOW* 

ardi, and oonespoDd* io lerial homblogj, with tbe bnuocliiottegal apiieiMlagM 
of the b joid aod the pectoral appenda^ of the acapular arehes, and have 
the Mine title to be regarded as cephalic fina, and aa parts of the normal 
ayitem of the ▼ertebrate endo-skeleton ; but neither opereolar bonea nor 
bnnchiost^al rajs ara retained in the skeletons of higher fertebrata. AH 
divergiDg appendages of vertebral segments make their firrt appearance in 
the Tertebnte series aa * rays '; and the opercular bones ara actually repr^ 
aented by cartilaginona rays, rataining their primitiTe form in the plsgio- 

I atomea. In the conger the saboperealiur still presents the form of a long and 

slender iln-ray. 

j » The opereobr and snbopercular, in ordinary osseous fishes, may frequently 

; coakBce^ Kke the suprascapular, with their representative scalea of the dermal 

I : system; but they ara cMentially something mora than peculiarly developed 

I - representativea of those scalea. M. Agassis, indeed, excepts Uie preoper» 

eukr bone from the cat^ory of '^piteea entente,* bdievinff it to be tlie 

I homologue of the styloid process of the temporal bone in anthropotomy, or 

the 'stylQ-hyal' of vertebrate anatomy, aa the pieces via. which completes the 
hyoid arch above. ** Ceat en eft et," he says, ** cet os i la face interae duquel 
I'os hyoide des poissons est suspendu, qui s'articule en haut avec le mastol- 

; dien et trds aouvent mtoe sur I'tauUe dn temporaL* So far aa my obser- 

, I vation has gone, it is a rara exception to find the hyoid arch suspended to 

I the preopereulum ; the rule in osseous fishes is to find the upper styliform 

! pece of the hyoid arah (fig. 5, as) attached to the qii-Wmpanic (as a) dose 

1 to its junction with the meso-tvmpanic bone (ssft). It is equally the rule to 

find the preopereular (U) articulated with tiie epi-, meto-^ and hypo-tym- 

I . panics ; and it Is an exception, when it rises so high aa to be connected with 

the mastoid (*£caille da temporal 'of Agassis). If the stylo-hyal be not the 
upper piece of the hyoid ardi displace(( and if the upper piece connecting 
that arch with the mastoid is to be sought for in osseous fishes, I should 
rather view it in the posterior half of the epi-tympanic (as a), whidi is usuaQy 
bifurcate below and very commonly also above^ when the posterior upper 
division articulates with the mastoid, and one of the lower divisions with the 
hyoid arch. 

The normal position, form, and connections of the preoperculum dearly 
beqieak it to be the first or proximal segment of the radiated appendi^ of 
the tympano-mandlbular arch: the onereular, subopereular, and interoper- 
eular bones form the distal segment or the same appendage. 

M. Vogt, in supporting M. Agassis*s views of the Ganoid order, leiteratea 
his origiMl idea that the preopercubr bone is the proximal piece f styloid) 
of an arah distinct from the tympano-mandibular one ; but aa the chief ground 
of thte opinion rests on a simple question of fact easfly determinaue^ vis. 
whether, aa a rule^ the hyoid arah is suspended from the preoperculum, and 
thia from the mastmd in fishes* neither of which accord with my observation 



of other observers. From a remark of M. Vogfs*, via. that "^M. Mailer 



of thdr connectiona of those parts, the verdict may be left to the experience 
- " ' •* • -'' Vogei^ - • — 

ice d 

lert d 

aocM 
idtthvologist of Berlin had not found ikefaei ; and, t£erefor^ ^ve 
than its due importance to the rara exceptional circumstance of such an at- 



attache^ k ce qu*il parait, trap pen dlmportance d mfaUt qae toigoura le 
p6opereule, et cda anssi chez ks SOuroUes, sert de point am 
hyoldien,'' it would seem that, perhaps, the aocomplidied ph 
idithyologist of Berlin had not found tkefaei; and, therefore, gave not i 



The preopereular can be removed in most fishes, except where^ 
aa in the sHoroids^ it coalesces with .the ^rmpanlc arch, without dislocating 

184a,p.ac 
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J the coDoectioDi of the true i 
^n^jpuiic (tsa) from which it b normally i 



or distorbiDg the coDoectioni of the true itylo-hyal (6g. 3, ») with tlw qpi- 

" r soipeaded. 



M» Vofft correctly observes thst the * temporal* ^cpi^mpsaiei ••«)» *syn* 
plectique (mesotympanie, at &), and < ja|pilaivB' (hypo^mDanie^ md\ ^k 
tux leub forment d^i un arc suipeiuoir oomplelv k la nee poslmears 
daquel le pr6opercule est leulement acool^*.** Bot this only pioTCS that the 
preopercttlum is an appendage to each arch, not thai H b a suspensory pier 
of a second arch. 



The only essential modification which the silnroids present b the confluence 
of the preopereulam with the true tympanic pedidebnefe redooedto a single 
piece. Bat thb does not dbprove its charseler as an appendage of Uie 



^fmpano-mandibalar arch, any more than does the oonflaence of the nlna and 
radius with the scapnlar arch in the sturseon dbprore the character of those 
elements as appendages of that arch. I have not been aUe to trace m tha 
sUuroids the primitive boundaries of the coalesced preoperenlum to soeh aa 
extent as to justify the statement, that it b intercalated oetween the ^itym- 
panic and hy pot^mpanic, replacing the mesotympamc : bat, if the pveoperenlar 
should extend m any siluroid fiiui so far as M. Vogt describes* thb excep- 
tional development would rather prove it to belong essentially to the tym- 
panic and not to the hyoidean arch : at least it b oidy through thb abooiw 
mal encroachment that the preopereular can detach the s^myal hem tlie 
epitympanic 

As the otosteals, or ' ossicula anditib»' have bonw a prominent share in tlie 
discussions of the special homologies of the tympanie pedicle and its append" 
ages, I may here remark that the extennon in the embm nrnintiii of the 
long and slender process of the mslleos in the diie^ios of the mandibb^aad 
its continuation or connection with the cylindrical cartilage (hssmal portioa 
of the tympano-mandibolar arch) fW>m which the lower iaw is subsequently 
developed, b a drcnmstance which renden the idea of the maIleo% at leasly 
being a modified element of the tympano-mandibolar arch in batrachlaus 
and fishes, worthy of consideration. The prolomntion from the Bseso^rni* 
panic of the cylindrical cartilage, described by Meekd, and aronnd wikk 
the mandible b ossified in fishes, and the diaracteristae cylindrical or styloid 
form of the mesotympanic, have induced M» Vcgtf to view l^at bone^ the 
*syokplectiqoe' of Cuvier, as the homologne of at least part of the malleasi 
and at the same time of the bone called * tympano-maUM* by Dng6s (my 
* hypotympanic*) in the batrachians. AL Vogt oflRbns no other reasons for 
the determination. I find that the cartilage mich in the batrachians Ibnns 
the medium of communication between the semi-eliipsoid ossicle (stapes) 
eloung the fenestra ovalb and the tympanie membraaeb b repe a ted or repro* 
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duced in the more maUeiform cartflage eooaeeting the odnmellifoim stapes 
of the saurian reptiles to the membrane tympani. la birds a portion of the 
cartilage attached to the tympanum becomes ossified and eoaiesces with Hm 
columelliform stapes; and at the angle of nnion eoe or two oartibgiaooa 
processes exist, which some anatomiste have compared with the ineos. B«| 
all anatomists have concurred in recognising the boiaology of the peripheral 
bent-down portion of the long columella, whidi adheres to the membimna 
tympani, with the part of the mallens csDed *manabrinmt* or handle^ is 
mammalia. The superadded modifications dianeleristle of the cSosteab ia 
thb dasa, have their seat between the manubrium aMllei and the stmwi^ and 
chiefly result in the devdopment of the new bone called *ineos* and its epi- 
physis, which has been termed the • os orbieolara.* Notwithstandlngp ther^ 
tore, the connection of the 'processus gradlb maOd* with the embiyoiiie 
• ABubsdss8ebBe8ibiaM,fiaa. tlM;dtm»aa. 
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or Tiieenl cftrtilage of the mandibolmr arch io iwimimili, the fcomo- 
«f the malleni ii ao detily traoeablo dowa to iti fint indcpeiideDt duip 
ntleitfttioD in ooexbteDce with the tympanie membimne of the betnichie» to 
which il oonnectt the aneqnivocaUy aootwtic onide rcprwcnting the * itipcfly' 
that the Teference of ell the edditioDal oMicahur meehenim of the ear-dnim 
to the tame tjttem of the skeleton at the petroaal ltael( appcan to me to be 
mort ooMonant with the reoogniaed ikcta in their dcvdopmentand compara- 
tive anatomT. 

M. Asaasis haa never countenanced the Idea of the reprodnction of the 
namraauan tympanie oasldea In a magnified fona in dtner the tympanic 
arch or ita opereolar appendagea. Retaming to the conaideration of theae 
bonea in tlie last Tdume (p. 68) of hit admirable < Recherdiea»* he reafllrma 
his opinion, that the opercular, subopercoUur, and int erop e fcn lar are ' oaae- 
leto particoliers de la pcan;' but calls them ' branchioii^gd rava.' If he 
had meant that they were parts CMentially distinct, but comparaUe to the 
true branchiostegala, he would have aoonratdy enunciated thdr *aerid ho- 
mology.* M. Agassis, however, expressly Rpudiatea thla idea of represen- 
tative rdation, and affinna them to be part of one and the same series of 
rays. "^Mals en disantqoe les pieces operculaires scmt des rayons branchio- 
stcgttcs, je n'entends pdnt faire une simple eomparaison, mals bleB affirmer, 
que je con^dre ccs plaques osseuses smiplement cossme let rayons bran* 
Bhlo&^es anp^rienn*." This idea is, in fact, an 



ap^rienn*.'* This idea is, in fact, a necessary consequence of 
M. Vogt'a condusion, that the preopereulum is the upper or stylda element 
of the hyoidean ardu The combination of the opercukr rays or bones wtUi 
the iNranchlostegals In the support and movements of the continuous gill- 
cover and gill-membrane, does not prove them to be diverging appendages 
of tiie same arch, any more than the dmHar combination oi the rays of the 
peetord and ventrd fins in the sucker of the Cyc&pfcmt proves those rays 
to be parts of the same arch. And I may repeat that, admitting the humerus 
to be^ as Bakker surmised, confluent In all fishes with the how si, fig. 6; 
and dnce In the olagiostomcs, sturgeons and kphidds, the second segment of 
the rudlmentd rore-limb is not liberated from the supporting arch ; so^ like- 
wise^ the prozimd member of the opercular limb may remain, or become in 
Instances confluent with its sustaining arch, without tlmt ezceptiond 
invalidating the determination deduced from Its more constant and re- 
gdar character as the prozimd element of the free nppendage to that ardt. 
JSf^OMl Amcc.— The third inverted arch of the skull is somended in fishes 
bf a slender styliform bone, the ' stylohyd' (fig. 5, as), from the lower end of 
the epi^mpanic (as a) dose to the jomt of the stylifoim ' mesotympaalc* 
(mb)i and it la connected, through the medium of the posterior division and 
jdnt of the epitympanic, with the mastoid (s> Now, either that divuion 
of the epi^rnpuilc may be viewed, by virtue of Its proper articular condyle 
above, and Its connection with a distinct Inverted arch bdow, as the proximal 
piece of that arch, codesced with the proximd piece of the next arch In 
advance, which articulates with the posUfrontd; or. It mi^ be viewed as an 
excemive devdopment of the proximd piece of the ^rmpano-mandibular arch, \ 

which, extending backwards, has displaced the hyod from the mastoid, just \ 

as the squamosal, by a dmHar backward devdopment* la mammals, dbplaces 



the mandibular arch from the tympanic 

According to the first view,'the bone no. as wodd be a dlsmembannent 
of the proximd element of the hydd arch ; according to the second view. It 
would be the entire dement reduced and dbplaced: la both cases It would 
be hoBOtok^gooa with the proximd slender piece of the hyoid arch In all 
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Verfebfita, and to iHiieh piece tbe tarn 'i^rloid* or •MHagm* Iwi be« 
given from tbe fidi np to ma (aee TablbL). The bomoiop g fad eed , fa lo 
obnoo% that M. Aguu, io aceepliagthe eoodnnoa of MTVost* dwt the 
bone (fie. 6» m^ peenlfar to ohoom Uei» wlddi eo nidy r-" — * 
redlr wSh tlie mastoid or with the hjoid aid^ and ao comt 
the diital •egment of the opcrealnni, warn the hoaMdone of the 
stnifonnis omfa tenqMiii,' nererthdem ntaina the naaae ••^<dde' ibr the 
part no. M in qncition. 

The tme homologr of no. s^ already eipiaJned, lemovee the aaoanlsr ef 




▼iewinff that peealiarqf piteine bone as the homologne of a 

of the hyoid areh in all dbe vertebrate pIimm, and i 

the introdoetaon of a new dement — a styloid pieoe 

addition to the 'styloid pioeem of the tempord' in fishca. The 'styhdiyd' 



y<Nd areh in aU dbe vertebrste pIimm, ud Uie gmter aaoaniT of 

theoahfddes in 



articolates bdow to the apex of a triangidar pieee (m)» which fa prrt^ 
staot in fishes, and to whidi I give the name of « epOival,* as being the V, , 
of the two princtpd parts of the conn or ardi : the third longer Md stnagv 
pece b the * cenutohyd ' (ik «•). 

The keystone or body of the inverted hyoid ar^ fa formed by two smaB 
snbcubieal bones on each side^ the 'basihyab' (16^41). These cowpfate the 
bony areh in some fishes: in most others there is a mcdiaa styBlbrm ossicK 
extended forwards from the basi-hyd symphysfa into the snbstonea of tho 
tongue, eaDed the * glossohyd' (A. «t), or *os fingnale*; and another 



trical, bat usoally triangdar, flattened bonc^ which expands verticslly aa il 
extends badLwards, fa the middle line, from the basihyab ; Ofa fa the < nrohvd* 
(tft.«). It fa connected with the symphysfa of the corneoidsbwhichdosm bdow 
ttie foarth of the cnnid inverted ardies, and it thna forma the isthmvs which 
separates bdow the two brandiid ap e rtur e s . In the concer the hyoideaa 
- . - - I of the s^flohyalt 



areh fa noMilified bv the pernstent Ugamentona state of 
by the confioence of the bad-hyafa with the ceratdiyafat a long glossohyd 
fa articulated to the upper part of the ligamentoua symphysii^ sad a 1ob| 
compressed urohyd to the uoderpartof the same juncttoo of the hyoid arcC 
The glossohyd is wanting in the MmntmopkU^ 

Tm appendages d* the hyddean arch in fishes retain the foim of ainqde^ 
dongated, slen<far, slighdy curved rays, articulated to depremions in the enter 
and posterior maigins of the epi- and cerato-hyafa: th^ are eaDed "bfa»» 
duostegaK" or gill-cover rays, bMause they soppovt the membnme which 
doses cxternaDy the branchid chamber, llie number of these raya varieib 
and their presence fa not constant even in the bony fishes: there are bnl 
three broad and &a rays in the carp; whOst the dupeoid Slop$ haa nmra 
than thirty rays in each gill-cover: the most common number fa seve% as 
in the cod (fig. SO^ m). They are of enormoos length in the * 
serve to supprnt the membrane which fa developed to form a| 
on each nde of the head of that singular fish. 

In the dam of fishes, certain bony ardies, which appertain to the 1 ^ 
of the viscerd skdcton, succeed the hyoidean arch, with the kcystoiie of 
which they are mora or lem dosdy connected. Six of these ardies are pel* 
manly developed, and five usually retained ; the first four of these suppoit 
the gins,the fifth fa beset with teeth and guaids the opening of the gnllalr 
this latter fa termed the < pharynged ardi7 the rest the • branchid arAesu' 

The lower extremities of these arches adherato theeides of a nmdian dMia 
of osttdes, which fa continued from the posterior angfa of the basihyalt or 
from above the urohval, when thfa fa ossified: the bones which fiMm thoen 
extremities are the 'hypobrsnchiafa'; and they support longer bent pieoaib 
caUed 'cerstobranchids.' It fa with these demento of the branchid aidtea 
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miilinuielikte balrachiaiM thai we are chiefly oooeenici 
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iatnciDg the 
Inmtes. With 



homology of the hyoid apperatut in the aii^bfeathiag verte- 
regard to the branchial and ^ryngeal arehce, which attain 

I their full devdopment only in the cUns of fisliee» I regard them as appertaia- 

I ing to the system of the splanchno-skdeton, or to that categorr of bones to 

which the heart-bone of the niminanta and the hard jaw-like pieces snpport- 
ing the teeth of the stomach of the lobster belong. The branchial arches 
are someUmes cartilaginoos when the true endoskeleton is ossified : they are 
never osnfied in the perennibranchiate batrachians, and are the first to dis- 
appear in the larvss of the cadocibranchiate species ; and both their place 
I and mode of attachment to the sknil demonstrate that they have no essential 

homological relation to its endoskdetal segmentSb 

' i The hyoid arch or apparatus retains most resemblance to that of fishes in 

the Strok taeaima ; the bosihyal is simplified into a single osseous spatn- 
late pieces with the bowl of the qxx>n anterior* and supporting a broad and 
flat semicircular glossohyaL A strong and thick ceratohyal is articulated 

^ , by means of a small cartilage to the ride of the expanded part of the bari- 

hyaly and a cartilaginous cpihyal arches backwards ftom its upper end. A 
cartilaginous urohyal extrads from the hind end of the bssihval, and ex- 
pands into a radiated dlsc^ which supports the membranous trachea and the 
simple glottis. One pair of bony 'hypobranchials' is articulated to the 
besi-uro-hyal joint and a second pair to the rides of the urohyal : and to the 
upper and outer ends of these are attached four pairs of cartilaginous < cerato- 
brsnchials.' The fimbriated branchim are attached to the three anterior 
oeratobranddals. 

In the proteus the urohval is absent, and it is not agidn developed in anv 
batrachian. The long subcylindrical barihyal supports a subcircular carti- 
laginous discoid gksMihyaly and at the angle of union the bony ceratohyals 



are sent olf. A pair of hypobranehials diveige from the end of the barihyal ; 
to which a second small pair of baribranchials are loosely connected by an 
aponeurosis. These support three oeratobranchials on each ride^ which are 
bony. 

In the newts there is neither a glossohval nor urohval, or but a rudiment 
of the latter, to each ride of which are articulated two nypobranchials, whose 
distal ends converge on each ride to support a single cartilaginous gill-less 
rudiment of a ceratobranchiaL The special homologies of all those parts of 
the complex hyoid, rendered more complex by the retention of part of the 
I I branchial skeleton, are clearly demonstrated by pursuing the metamorphoses 

of the hyo*branchial skeleton in the larvae of the anourous batrachiana. In 
the fuU-gilled tadpole a short and simple barihyal supports laterally two 
thick and atrong ceratohyals, and posteriorly two short and broad hypcH 
branchials, to which four oeratobranchials are attached : all the parts are 
cartikginoua. The type of this stase ia retained in the siren, with the histo- 
logical progress to bone in the hvoid and hypobranchial plecea. The aecond 
wril-marked atage in the tadpole showa an extenrion of the external and 
poaterior an^ea of the hypobranchiala, with promaaive abaorption of the 
cartilaginoiia oeratobranchiala. The growth and divergence of the poaterior 
anglea of the hvpobranchiala refer to the development of the larynx, now 
commendng, which part they are destined to support. That period may be 
described as the third stage at which the oeratobranchials have disappeared, 
and the poaterior anglea S the hypobranehials increase in length and assume 
the oharacter of po^erior comua of the os hyoides. The last and adult 
stage shows the ossification of the elongated angles of the hypobranehials, 
the eoa k sc enc e of their cartilaginous bases with Uie basihyalt the expanriop 
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of Che baBihyal and eitention of ito aoterior tad external angles t in fronl of 
which the now long and slender oeratohyak nauallT coalcioe with the barf- 
hyal ; their oppoaite endi having thifted their attachments and retrograded, 
like other hsmal arches of the fkull, in the oonrM of the metanioiphoris. 
In the case of the hyoid arch of the frog, tho cbann of place is from the 
tympanic pedicle backwards to the peruftent cartilaginoiis petrooal: and 
thia is a verT suggestive and significant change. All the narts of the hvoid 
remain cartilaginous except the apjpended and persistent detachmenta from 
the visceral system of the branchial arches: these Ions 'hvpobranehtala* 
\* comes thyroldiennes' of Cuvier and Dug&]| diverge and inonde the larynx 
in their fork. The relative position, connexions aM office in snbservieiMf 
to the larvnx, to which the retained parts of the splanchno-braaehial arches 
are introduced in the lowest of the air-breathing vertebrates* are pfeserved 1b 
all the higher classes. The * hj'oobranchials* are as constant In their ex- 
istence, therefore, as the upper larynx itself, and attach themsdves move 
especially to the thyroid element of that larynx. We recognise them bv this 
relation in birds and man (4s, figs. 23 and 85), where they always much ex^ 
ceed the parts of the true hyoid arch (cerato- and epi-hyals) In length ; and 
in birds, where these elements (<•, fig. 2S) are sometimes obsolete aira always 
rudimental, the hypobranchials have been mistaken by both Cnvler aad 
Geoffroy* for the ceratohyals or anterior oomna. 

For the modifications and special homologies of the oomplex hyoid anoB* 
ratus in liaards, I refer to my ' Lectures on the Vertebrata. The eiooodiles 
offer a well-marked ordinal difference from those inferior sauria in this as 
in most other parts of thdr structure. The basihyal and thyrohyals havo 
coalesced to form a broad cartilaginous plate, the anterior border rising like a 
valve to close the fauces, and the posterior angles extending beyond and soa- 
taining the thyroid and other parts of the larynx. A long oony * oeiaiohyal' 
(fig. ^ 4s), and a commonly cartilaginpus * epihral' (tk la), are somnded 
by a ligamentous 'stylohyal* to the parocdpital process ; the whole areh 
having, like the mandibular one^ retrograded from the connection it p t sacnts 
in fishes. 

In birds as in cbelonians, the ceratohyals are much reduced, and the chief 
'oomua' of the hyoid are represented by the hypo- and epi-branchials (thy- 
rohyals), which here attain their maximum of length and tenui^. The oas^ 
hyal (fig. 23, 41), as in CMys^ is long and slender, but is alwaya a rimple 
piece ; and, as in lixards, is usuaDy most expanded posteiioily, from whu^ 
expansion Uie thyrohyals (««) are sent oC Conforming with the loQg and 
slender tongue in most birds, the basihyal extends forwardsy and la artiev* 
lated with the rudimental ceratohyab ^4*), when theae exist, ai some dlstsncB 
from the thyrobysls. A commonly long snd slender, sometimes snafolatt 
glossohval (4t), b articulated to the fore-part of the basihyal ; and a oob* 
atantly tons, slender and pointed nrohyal (uiS isarticukted with the postoior 
end of the basihyal, and extends backwards beneath the trachea. The thyro- 
hyals (4s) diverge and include the larynx in their fork ; and snmiort at their 
extremities a bony or gristly (ceratobranchial) style (4?). This is aever 
attached bv ligament to the bsse of the skuU, but b suspended fteely» as ia 
the chelonia, by the glossohyoid and omohyoid mnsdes ; it* however, carves 
over the back and upper part of the cranium in the woodpeckeri» and the 
extremities of both cerato-branchials are inserted^ by way of rare exoeplioB 
in that bird, into the right nostriL 

In mammals the nonnai comjrietion of the hyddean areh, aa ll fini ap- 

* Dngjisppcsn to hsvaSntpdoted oat this cnw, hot without, ho«v«fv,MKMMte 
tm homology of Us^corasttlqrnUisBnsi'with the iTp^bnachidsoff" 
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m §Am^ b wffim nmumd, and that sol by m tUtadttT eutibgVb m ia 
Qfe bat Vr B dbaia 4 " 



the fiofr bat bv a ebaia of booci» ia wUcb wa agaia raeogaiM tbe i 

». 94, «•> cpi- (») aad iCyla- (m) hjak tafpeadiag tbe banbyal (41) and 
tongM to tbe baM of tha tfcall, often to tbeaeUwl, lometiaiet to tbe 
tnqaanie^ or to tbe maifoiiij or to tbe exoediHtaL Tbe aqgabtca aad tbe 
tiaeofSfOffa bat dkpli^ ttiatjpa. 



In nan (fin. 85) tbe eoatobyalt are redaeed* af b fairdib to neie tabei^ 
da of bone ^X and tbe eitent of tbe aieb between tbem and tbestyhK 
b|ak» wUcb becoaeanebrhiMd to the teaapoial bona. Rtaim he priautive 
%wfnlnat comBtion, OeeaaonaUy, boweter , onification extendi ato^g 
tbe i tjb ibf u id Hgiawnt, aad nafbe oat. as ia tbe tpeeiHMn flgaicd by 
GeoCtoy sL HiUie (PbikMopbie Aaatonnqne» pL 4, fig. 87)i tbe aioie aor- 
nnl prapoctiono of tbe eciatobyal, aad alM the epib jaL Otber examplet of 
tti * aMmtroritj' aie leeordcd in works on antbropotoaiy. The thyriH 
^wl («)— tbe last leauiant of tbe btaachkl arrhfa mainfiins HMre eon- 
in iti fiiitmes aad propoitions ; bnt maaifests its troe ebaiaeter of 
I below tbe shall, aad an aitkafadioB by sboit ligaments to tbe 



aades or boras of the thyroid 




k tbe special bonadogies of tbe parts of the 
» prsdLade dbe aeocssity of farther eztendug 

CHAmm IL— GnrxBAi, Homoloot* 



Ob tshiM a l e tr ospec t of tbe lesahs of tbe rsssarebes of anatomfats faito 



itshiagaRtraipei 

the special bomologica of tbe cnuusl bones, tbe stndent of tbe 1 

fitde soever ptnetised insnehinqairies, cannot bat be straek with tbe amoant 

of eoaeordaace in those resalta. It mast saiely appear a most remarkable 

s to one aeqaaiatcd only with the osteology of the haman fraam^ 

i shoald be, by the c o mm o n consent of comparative aan- 

' I in the shall of every animal down to the lowest osmooa 

This fiMt akmsb so significant of the aai^ of plan pervadiaa the ver- 

at least, a large grooad of hope and 

-^ ^i to pe rse v e r a nce in the reconsideration of those joints 

{ I on whaebadiftrenceof opinion basprevaOed; andtntbere-invertiBationof 

determiaative of ^wcial 




I In this, as ia every other inqniry into natm, the first labooiv are neees 

' ssrHy more or lem tentative aad appraziaiative : bat if errors have to be 

.i._f . ._ .V of snecesiive appGcatioBe of fresh minds to tbe 




And I rmrd the body of 
t Table L) to be now so great, la reqwet of die deteradaatioa 
of the bomologons bones in the heeds of al veitebrste aaiauls, as to Impe- 
ratively prem apoa the tbinking nuad the conside r ation of the more genoal 
condition npon which the existence of relations of qpeeial hoBBologydepe-^- 

Upon t& point the anatomical world is at present divided, Eeking 
reqaired dcmuMstislion. Tbe miyori^ of existing antbora on 
hBve tacitly abandoned % or with Cavier and M. ' 
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dirocUy opposed the idea of < special homology* beiog induded in a hAi/kat 
law of uniformity of type. 

Yet the attempt to explain, by the Covierian prineiplei, the facte of ipeeial 
homology on the hTpotheiis of the subsenrienfty of the parta io deteradaed 
to f imilar endi in different anima1ir-to eay that the fame or awwerabie bonea 
occur in them because they have to perform similar functiona^-inTolve i 



difficulties, and are opposed by numerous phsenomena. We may admit that 
the maUiplied points of ossification in the skuU of the human ftstas ftidUtati^ 
and were designed to facilitate, childbirth ; yet tomethiQg moi« than mA a 
final purpose fies beneath the fact, that most of those osseous eentres ic|ira- 
sent permanently distinct bones in the cold-blooded vertebimtes. Tha m- 
nium of the bird, which is composed in the adult of a single bone^ is ossified 
from the same number of points as in the human embryo» without the pos- 
sibility of a simihur purpose being subsenred thereb]^, ia the estricalioB of 
the chick from the fractured egg-shelL The composite stmctBie Is rapealed 
in the minute and prematurely-born embryo of the mannpial auadmpeda. 
Moreover, in the bird and marsupial, as in the human suljeot, ue diifiBreat 
points of ossification have the same relative position and plan of arrange 



tiles and in most fishes, the bones so commencing maintain 
their primitive distinctness. These and a hundred such facts roroe upon Um 
contemplative anatomist the inadequacy of the teleolo^ical hypoineds to 
count for the acknowledged concordances expressed in this woik by tiia 



ment as in the skull of the ^oung crocodile, in which» as ia most odMr icp- 

-. - . * * thronghoniMi 

s force upon ~ 
d hypoibedi 

account for the acknowledged concordances expressed In this woikby 

term ' special homology.' If, therefore, the attempt to explain them aa the 
results of a similarly of the functions to be performed by such homoio* 
gous parts entirely fails to satisfy the conditions of the problem t and l( 
nevertheless, we are, with Cuvier, to r^ect the idea of their bdng nanif^ 
tations of some higher type of organic conformity on which it has pleased 
the divine Architect to build up certain of his divenificd living %ioribi» 
there then remains only the alternative that special homologies are i 
of chance. 

This condusion, f apprehend, will be entertained by no reasonable nlndi 
and reverting, therefore, to Uie more probable hypothesis of the dependence 
of the specid resemblances upon a more generd law of conformitfy wn 
have next to inquire, what is the vertebrate archetype? The giAed and 
deep-thinking naturdist, OKSWy obtained the first dew to this discovery by 

on tUs nljeet "Itii aot bjsnymesiiioiiriBteiitioBtoeBCBgsoarrtBdsniBdlBeBBdBg 
sU the eo^SctiiiK snd, tometimei, virionaiy ofdnioBS CBtertatDcd by diflbcat sathsn s^ 
ktiTS to ths enet homologj of the iadMdnsI bones femiiig tUi pert «f tho skdrt— j sad 
we ihall, tfaacforBv oimteDt oondvet bf plsdng bdbn tbaa, diveited si te ss posritts si 
saperflnoos arnmcBtation, Cuvier'i matterly aniMs of the Isboon id the priadpsl faq s lii ss 
ningthttfaitricitepirtofuuLtoiiiv.''— p.494. A later Bng^ih sHlhor, As h« sis- 
i s most ttloable tmoQiit oi cveral sad euet oeteologksl liTnimtVsi is ths silkis 
«« Zoolosj'' of the « Soejfdopndis MccroiwIHaiis' (4to, 184&), eeean icaMj to 11^ 
the detenniMtioB of ipedal homotogiei n s nfiwiisry ol^|ect of sBstomJetf iwesicL Ihai^ 
in itiiriMrinf thff diffirrrnaw nf npinimi iripfiftlm thu nwimM (flt B, ■) he isjs, " ll^lsili 
view, howefer, if It be sbaolntety aeoeaiaiy to bant vp tmVifin, m ' '^ 

pbSOa. 



This reacfte it, howefer, peAsm lets obitnietlfe to the _ 
end to the reqoidte remmpiloa of origlaal inqiaify to that' cad, t&ea the 
of the traBieeBdcBtal views ef ochen withoot critieism or attempt to cniaia or'nArtsIke 
olgeetioBB to tnch views whl^ have been promolgatod by so grest anthanties aeOiflsr sad 
~ ^e4.vertebnatheofyof the craalil parte! the ekdlhsdsBisdly 




Asania. Thu Bokont's 4-vert« 

M.De BlaiavSUe (Oi^fo|^aphle, 4to); whOrt Dr. Great (OoJUasi of CsMSisiHe laBlfy» 
Svo, 18U,p.68)deemstheoom«MitioBof theikoll,laiihca,teesiisnoadaoartvwith 
000007*1 dieoiT of thia part of the tkeletoa being ooapoecd ef Bovea VHlctei^ sadh ean> 
liitlBt of abody with lour elemeats abovo and fimr skneais bsivw. 
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Um idea of the amDsaneiil of the enmial bones of the akall into eegmeot^ 
like the Tertebne of the tmiik. He iDfonnt oa that walking one dar Id the 
Harts forest, he stosibled npoa the Uaoehed skull of a deer, picked ap the 
partially dislocated boiic% and eootempbting them for a whde^ the truth 
flashed across his Buodyaod he esclaimed **Iiisa ▼ertebraleoiuoiu I*" Oken 
afterwards tested and matured thb hu>py inspiratioo br ezamioiog the skulls 
of a cetacean, a chdonian, and a cod-rai in Dr. Alberrs museum at Bremen; 
and on his return to Jena in 1807, he published his beautiful generalisadon in 
a now Tory scarce Introductoir Lecture^ or ** Programm beim Antritt der Ph>- 
fcesnr/ entitled • On the signification of the bones of the skull't. He illua- 
trates his views bj reference to the skuU of a ruminant. *'Takc^'' he say% 
"'a young sheep's skull, separate from it the bones of the orbity also those 
cranial bones which take no share in the formation of the * basis cranii,* c.^. 
the frontal, parietal, ethmoid and temporal, and there will remain an osseous 
oolumn which any anatomist, at fint glance, would recognise as three bodies 
of a kind of Tertebne with transverw processes and fonunina. Replace the 
cranial bones with the exception of the temporsb, for, without theses the 
cavity is still dosed, and you haTC a cranial Tertebial column, which dUTen 
fhHB the true one Owoa der wahrea*) only by its more expanded neural 
canal (Ruckenmarkshohle). As the brain is a bbots Toluminously dereloped 
mind chord, so is the brain-case a more voluminoos spinal colunu. As 
the cranium indudes, then, three Tcrtebrd bodies, so must it haTO as many 
▼ertebrd arches. These are next to be sought out and determined* One 
eees the sphenoid divided into two vertebree ; through the foremost pern the 
optic nerves, through the hindmost the maxillary nerves (par tri^emmmm), 
I cell one the * m-vertebra' (Augwirbd), the other the 'jaw-vertebra' 
(Kleferwirbd). Upon this ktter abuts the basilar nrocess of the occipitd 
bone and the petrous bones: both bdong to onewhode. As the optic i 



perforates the * eve-vertebra,' and the trigeminus the 'jaw-vertebra,' so the 
nerve taJces posse e e i o n of the hindmost vertebra* I caD it, thero- 



rve takes posseeston < 
fors^ 'earwvettdMu' (Ohrwirbd) : and I ttgud this as the fint cranid ver- 
tebra; the jaw- vertebra as the second, and the eye-vertebra as the third*" — 
tft.p.6- 

After entering upon the difficdties which beset him in determining whether 
the petrasd bdmi|ed to the first (Ohrwirbd) or the second (Kieferwirbd> 
and enunciating his views on the essentid relations of each eruiid vertebra 
with a single spedd sense (exdudiug, however, smdl and taste, as bdng 
inferior in dignity to the otbem), Ofcoi proceeds, in his characteristic bold 
metaphoricd language : — ** Bones are the earthy haidened nervous system : 
Nerves are the spiritad soft oss e ous system — Continens et contentnm." 

** Between the sphenoid and occipitel, between the sphenoid and petrosila 
between the parietd (the tempord bdng removed) and the ocdpital, theie 
runs a line which defines the anterior boundary of the first vertebra* In the 
lino between the two sphenoids^ or that whidi in man extends anterior to 



•- Ib lant 1806 Bschts ich cfaM Bdss fiber dea Htttt,"—^ iA raUdls sa te SM. 
flcte tech £■ Wdd henrntcr-^md ri^e ds { ci liff te MhoMie gcUeichte S^idddM 

lea, ■BcdtMrt, enacsttcBt umI ci wu csMhches* 



A M fteff HMdWUt 1 Mv ci air wis di Bite dvch 
Ut lit der S^idd dM WoMritals."— Ui, 1818, p. ail* 

t Ubsr die Bcdeatag der SchidcfflaMwhem 410,1807. I ea iadebled to «y 
Mr. lUk, the ihto tnadelor ef • WegBv'e CoapBillfs Aasto^y,' iv tlw epportnitj ef 
peradM thb Boet i^nertive siBd origiBd cB«r, vUeh doee set edrt la eith« On libniy 
cf AeMtiihMaMsm.thieef the Coiteef8iiq|eoae,sr that ^ - ^ 

Seeletf. Mr. TUk li et fraeut eegifed ta tlw erfaow teek ef tneahtiM the ' 
der Namr^lileeefUe " ef Okea iv Ae « Bej SMiet/.' 
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the pterygoid prooeiMi laterally and aowwrdt tiuough the team oiUtalii 
superior, eoterior to the great ala» aod finally betwceo the fnmtal and tike 
parietal bones* we traee another line^ which diridea the teeond from the 
third Tertebra * (i&. p. 7). 

^ Now,* sap Oken, **take the ear^Tertebra finom a fcetoa of any mammal 
or of man, plaoe near it an immature dorml vertebra* or the third ecrvleal 
of a crocodile* and compare the piecet of which th^ consul^ their foim* thdr 
contents* and the oatleU for the nenrcai 

<* According to Albinna and all anthropotomista* each irertebra of tha 
foetus oonnsts of three distinct parts — the hodj^ and the two nean^tophytei 
(bogentheile). Ton hare the same in the occipital bone* bot more deaily 
and more distinctly: the * pan basilaris' is separated as the body of the ver- 
tebra from the ' partes condyloidesB** which form the laterd parte t tliese 
are still more distinct from tbe * pars ocofntalia' which forma the ^bwoa 
procew: eveo this part is often bifid* like the spioons procemci la ^pina 



** Since then the foramen magnam is the hinder or lower openliigef a 
▼ertebrd canal* the condyles true oUiane Tertebrsl processes* toe foramen 
laceram an intenrenebru forunen* and the crista ocdmtalis a spinooa pro* 
cess* proved to be such by both its position and the mnsdes inserted into 1^— 
Mnce lastly the whole occipital bone in rdation to its form as well aa ila 
function — indosing the cerebellnm as a production of the spinal dioidr-4a 
a true and in every sense characteristic vertebra* it ia unnecessary to dwell 



more diffusely on parts* the bare sMntion of which snffioea to make their 
nature recogniiabie."--t&. p. 7* 

This will serve as an example of the dose observatloB of faet% the pliOo> 
sophiod appreciation of their relations and analogies* and* in a word* of Che 
spirit in which Oken determines the vertebral relations of the cranial bonca 
of the skull: and I refer toTABUiILfor his cooduaiona as to the parte eC 
the second and third cranial vertetma. 

Reverting to the petrosal* Oken thua beantifnlly and dearW ennadatea 
ita essentiar natare and homology : — ** You will aay I haTC forvDtten the 
* pars petrosa.* No ! It seems not to belong to a vertebra* as audi ; hot to 
be a * sense-organ' (Sinnoigan)* in which the vertebrd- or ear-nerve loeaa 
itself; and* therefore^ is aa distinct an oigan from a vertebral dement aa la 
any other viscua (Eingeweide)* or aa ia the eyeball itadfL The (canae of) 
deluaion (aa to the homdogy of the petrosd) lies In this* vis. that it moat bo 



omified agreeably with its nature (wesenXJust aa the eye mnat be crrataDiaedr 

Although Oken doea not in thia essay formally admit a fourth vertdnm 

anterior to the * eye-vertebra** he recognises the vertebrd stmetare aa bdag 

carried out rudinaentally or evanescently* by the vomer* aa the prdoagatkm 



of the cranio-vertebrd bodiea* by the lacijnid bones* aa their neonmi^ 
phyaea* and by the naad boiie% aa the apmooa process. Hb ideaa or % 
vertebra have evidently at this period not eztendcd beyond the ordinary 
anthropotomicd one of centrum and neurd arch with its tranaverae^ obttqiML 
and spmoua proccaaea. When he indicatea (beautifully and truly) the genmd 
homdoey of the palatine bones^ aa pleuapophyaea* ondcr the name of ai^ 
chyloaed or immoveable riba of the head* it haa reference to the tiansrci 
dentd idea of the repetition in the head of an the parte of the body. Thi^ 



theaquamosd in mammals and the tympanic in birda repreaent the 'aeapnk' 
of the hcAd* and at the eame time^ alaOk the Oium. The homdcgue of the 



aquamoad (fie. 21* v) ia the bird ia the •humeroa eapltia': the mdar («) 
and the mazilmry (tt) are the ' oberarm' (radiua and uma c^pltia): Uko pi^ 
BBaitDary (tt)ia the * manna capitia.* The a^gmenta of the hind Hmb aiw 



v« 



ON THB TBBTXBRAn IKBLVnir, 



rqncfented bj divkioiit of the eomponnd lowtr jaw in the crooodile and 

embryo biid (ko Tablb, No. III.). The pierrgoUb (m^ the eMential di- 

•tioction of which from the q>henoid Oken cinuij leeogniict, are hb ' cktTi- 

colm capitis.' Oken hints at» withoat acoeptingy the (terial) homology of 

the hyoid arch with the pdvit ; bat he legaida the liylohyal (m) aa the 

« taenim eaintiB' (ift. p. 16> 

*■ The year after thepabllcadon of Oken't famoia ' Introdnctory Leetiire»' 

J 'ProL Dam^rHy apparently anaequainted with its ezistenoei eommanioi^ed 

I to the French Institute a memoir entitled ' Considerations g6i6rales sur 

il, Tanalogie qni eziste entre tons les os et les mnscles du tnmc dans les ani- 

|- manx»* the second paragraph of which is headed ** De la tftte considMe 

<' Gonmie nne Tertdbre^ de ses muscles et de ses mouTements." In this para- 

^, graph, repeating the homdogical correspondence^ demonstrated by Oken, 

between the baiioodpitai as a Tertebral centrum, tlie condyles as * obliiiae 

^< processes,' and the occipital protuberance as a spinous process, he adds, that 

'\ the mastoid ptooetses are entirely conformable to transverse proc esses . And 

M. Dum^ril has, I belicTe, here tlie merit of haTing fint enunctaled the 

general homol<wy of the mastoids, although he does not aim at showing to 

I which ▼ertebrsT segment of the skull they property bdong. Nor, in£ed, 

I with the exception of an observation that ** veiy often the body of the sphe- 

i ooid, like the 'apophyse basihure' of the ocdpnt, resembles the body of a 

▼ertebra," does he puui the transcendental comparisons further. Geoftoy 

St Hilaire tdls us*, that even the moderate aod veiy obvious illustrations 

of the general homologies of the cranial bones, wUch M. Dum^ril deduced 

^1 from the anatomy of m occiput, excited an imfavouraUe sensation in the 

bosom of the * Aeadteie;* and that the phrase * vertebra pensante^' which a 

fiu^ous member proposed as an eouivalent for the word * skull,* and which 

i!| drcnlated, not without some risibility, along the benches of the learned 

during the reading of the memoir, reaching the ean of tiie insenious author, 

the dread of ridicule checked his further progrem in the path to the higher 

gerterslizatioos of hb science^ and even induced him to modify considerably 

many of the (doubtlem bappy^ original expressions and statements in the 

printed report so as to adapt it mora to the conventional anatomical ideas 

of hb colleagoes. 

As the truSi of Oken's genenlixation began to be appredated, it was remem- 
bered, as b usually the case, that sometUng like it had oocurred befora to 
others Autenrieth and Jean-FSem Frank had alladed, in a general way, to 
the analogy between the skull and the vertebrsl column : Ulri^ reproducing, 
formally, Oken's more matured opinions on the cranial vertebra^ say% 
" Kidmeyemm prsBceptorem pie venerandum quamvb vertebram tanqus 



caput integrum considerari posse in scholb anatomicb docentem audivL" 
And the essential idea was doubtleM present to Kielmeyei^s mind, though 
he reverwd M. Dumirfl*s proposition, and, instead of calling the skuQ a ver-> 
tebrm he said each vertebra might be called a skulL But tMse antidpations 
detract nothing from the merit of the iint definite propontion of the theoiy. 
It would rather be an argument against its truth, ifsome approximative idea 
had not suggested itsdf to other mervers of nature^ who only lost the merit 
of developing it, from not appreciating its full importance. He, however, 
becomes the true discoverer wno esublishes the truth : and the t&fa of the 
proof b the general acceptance. Whoever, therefore^ resumes the mvestiga* 
tion of a neglected or repudbtcd doctrine, elicits its true demonstrations, 
and disooven and explains the nature of the errm that have led to its tadt 

Sdeacci MstwdK t. IH. ISM, ^ 17T. 
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or dedared rejection» may calmly and confident] j await the 
of hii righta in the discovery. 

It haa been unfoitunate for Oken, that, with one exception I h e gifted 
Bojanna — ^bis succeaaon in the deTelopment of the vertebral theoiy of Che > 

•kali have hitherto ezageerated rather than retrenched the enoia of their \ 

gnide. Spix^ lends an idmost servile aid to Oken in endowing the aitlsi*a 
symbol of the cherab with all that it seems most to want,n thoiaz» abdomen . ; 

and pelvis, arms, Iegs,.hands and feet He adopts Oken*s original nvmbcr | 

and composition of the cranial vertebrae, and gives them new nam es , which ' 

bdng dissociated from Oken's pecnliar idea of the eisential subservient of * 

the cranial s^ments to certain organs of sense, are likdy to be fctainedL { 

Bojanusf seems fint to have determined the tme dements of the aeanl \ , 

arch of the nasal vertebra; and was as happy in perodving the nleur^o* 
physid relations of the ^^panie pedicle, as Oken had been in icmenee to 
the pdatine bone. He was less accurate in hb idea of the vertebra to which ( 

it bdonged. The andysb of Bojanns' craniovertebrd system given in TaUe j 

III. predades the necesn^r of dwelling npon it in the bnef historical dEetdi i ; 

here attempted. h | 

The modifications of his origind idea whidi Oken has introdoeed Into hb y 

edition of the ' Natar-philosopbie ' of 1 84S, bring it into dose accoidance with } ' I 

that of Bojanns, excepting that Oken conodves the eranid nennpopiiysea to 
answer auo to ribs : — ** An den Sdten einea jeden Korpen K^ien FUlgd- 
fortsatxe, wdcbe den Querfortsatxen der Habwirbd oder den ftippen ent- 



sprechen: 'die Gdenkkopfe des Hinterhauptsbdns* fexoodnitala)^ *die 
grossen' (di-) 'undkleinen Fliigel' (orbito-sphenddij), 'nnd ifia bdden 
Seiten des Siebbeins ' (prefrontab),'' p. dOi. With reprd to the Ihctd bonea 
of the shall, Oken still iodades the expbnation of their generd homology In 
hb origind idea, that '< the head b (a repeUtion of ^ the whole tmnk wiS all 
its systems. . • • • The enoephdon b the mydon (riiekcnmaifc); the ciaiiiBn^ 
the vertebrd column ; the mouth b intestine and abdomen ; the nose^ lunge 
and thorax ; and the jaws, limbs (glieder)." — Op. eU, p. SOOi An idea whidh 
vitiated hb origind essay, and which has had the dfeet of obseuring n graal 
truth in nature in the smoke of a sacrifice to a lUse system. 

Thb seems the place to notiee a virtud testimony to the gencnl aeenraej 
of the Okenian eranid system, published in 1816 by the present cndnent 
osteologist who holds the chdr of Comparative Anatomy in the * Jaidin dee 
Flantes.' In a note to hb < Prodrome d^ine Nouvdle DistribntiaB Systten- 
tique du Rdgne Animal,' puUbhed in the * Bulletin des Sdenoca par la So- 
dihik Philomathique,' 1816, p. 1Q5, M. de BbinviHe saya, •* Jmsaycni de 
montrer( I) que la t£te dans lesanimaux veit^br^ est eompos^e^ l*d'uneeaite 
d'artieulations ou de vertdbres soudte, ehacune d£vdopp6e pfoportionndlo* 
ment an systdme nerveux partieulier qu'eUe renfemie^ eomme aoa le nale 
de la eolonne vert^brale ; S*, d*autant d'appendieespaires qnH y n de oca 
fkusses vertdbres, et pouvant avoir des usages difimna* (p. IWV M. de 
Bldnville does not (like Bojanns) expresdy mention the gcnenl homdogy 
of any of these appendages to the ribs, or parid appendages of the Inie vci^ 
tebrse ; but he leaves it to be so undentood by his subsequent enoaMiation 
and dassifieation of the ' appendices paircs ou symm6triques»* i^ieh he do- 
scribes as bdng dways in relation with a vertebim or median pieee. Ho 
says, e.^. ** Ds peuvent 6tre divis^ en dmples ou en oomposk^ on peut4tiw 

d*apr^ leun usagea. Les appendices simples sent les edtes. Lesr ^* 

oompos6s sent les membres, les michoiresy les appoidb dee 



t Ui, 1818, aiBd • Psicrtgu' is the « AMfoos TsitDdiih IKmspnn/ M. Un. 
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■eiii» I0 ftjloTdfl^ l«s bmndiei de lliToTde^ oni Mmt ordinaifenMnt fonolt d^na 
plot on moinft grand nombre de pidoet puic^et boat I boat. Qoelqnefoli 
appendieei Mmt libret k lenr eztrtoit^b d'autret fob ila le rfoniatent 



dans la ligna nldiaiM inftrieare en entr^dlen on an moyen d'une pidee ni6- 
diaoe^ qiTon peat oomparte* joaqa'i an oettain point, an eorpt det mt* 
tibfea; d*on u Hbolte oe qnon nonune *tteniani' dana lea mammifirMy 
appaieil biaochial det poiMoni, hyoTde^ •ternam dea obeanx," ete. (A, ]817» 
p. 110). Reserving tie oontideration of lome of these proponttona for a 
sabseqaent ehapter of the present worlc, I shall only notice^ en pfinantf the 
complete ooncoraanoe between these ▼lews of the general homology of the 
looomotlTe raemben with those which Oken expresses with his nsoal apho- 
ristic breritr:— ^FreyeBewegongsoigane konnen nichts anderes als liey 
gewordene Rippen seyn." 

Cavier indadea amongst the general eharacters of the ehss MammaUa the 
arrangement of their cranial bones into three annular segmentsb corresponding 
essentially with those of which Oken had demonstrated the vertebra] relatioos. 
''Lear crine se snbdiTlse comme en trob ceintnrea form to; rant£rienre» 
par lea deux iWmtanx et I'ethmolde ; rintermMiaire^ par lea iMuitonx et le 
aphfoolde ; la post^riearcb oar Toccipital : entre Toccipital les paritenx et 
le sph6M>Ide^ sont intercal^ lea temporanx, dont ane partie appartient propre- 



IkfiMseV 

I What M. de BbanTiOe (1816) pledgee his efforts to demonstrate, Oken 

1| (Isis, 1817) was exultins in the reception of, * not only in Germanr bat all 

] Earope.' " Seit ErMheuong dieser Schrift and nan 10 Jahre ▼erfloasenv— • 

\' Man spricht naa Ton Kopfwirbeln, Kopfarmen and FiUsen, Ton Bedentang 

der einsdnen Skeletknoeben wie too einer arslten Sache ; die schon in der 
Bibd and den IVopheten gestanden," p. IflOi. The chief differenoee, as 
compared with Oken's definition, are, that Cavier, finding the frontal arch 
to rest apon both ethmoid and presphenoid, assigns to the former bone the 
completion of the anterior cnmial cinctnre bdow ; and completes, in like 
manner, the parietal dnctnre by the q>henoid in its anthropotomiol sense, 
making no distinction between the anterior and the posterior divisiona of the 
booe. CttTier doea not apply thb prindple of arrangement of the cranid 
bones to the aknll of the lower classes of ▼ertebrata (in which, neverthdMs, 
il b more dearly manifested than in mammab): in generdidng on Uie eon- 
stitntion of theveitebrate shall, he classifies tlie bones, after the anthropoto- 
mists, into * those of the craniam which encompass the bnun, and those of 
the face^ which consist of the two jaws and the recratadcs of the organs of 
aensc't With tefguA to the shall of fishes, in which Bqjanoa had foand so 
ciear an Ulastntion and confirmation of the Okenian Tiews, CoTier meidy 
am, it b dmost dways dividble into the same nnmber of bones as that 
of other odpanu The frontd b composed of six pieces; the parietd of 
three; theoocipitdofflve; five of the pieces ofthe sphenoid and two of each 
of the tenqMnafa remain in the compoaitioa of the craniam}. 

In hb gTMl works the 'Hbtobe dee Pdssons' and the « Le^ona d* Ana- 
tomie Comparfe,* posthamoos edition, CoTier expresses more deddedly hb 
olgections to the Tiewa of the sennentd or Tcrtebrd stmctare of the skalL 



iSothe, in a small fasdcdna of * Essays of Comparative Anatomy,' which 
he pabUshed in the year 1890^ entideB the 8th, « Can the bonea of the shall 

e g2gM AfliBil. 8vO| Itiy, t. L F> it- 

t««Utlttcit temesdacdae,qai mimBS k earvMO, et dsbfree, qd as conposs 
detdtnaii^olieisl dM ne^csdci dM otgwsi det ■eBt.''-B2gBe AdsMl. L sd. 1817, 
^tttsd.l8flib>U. 
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be deduced fiom tbote of the ▼ertebnl edamii, and tlieooe receive iui ex* 
pUnatioD of thdr forms and fanetione? " He statea thai the Idnt of Che 
three facial TertebraB occurred to him in the year 179% prior to which tini* 
he Mjt ** die drei hintertten erkennt ich bald.^ The idea ii developed io hie 
eiaay'aa foUowi: — ** The tkuU of mammalia b compoaed of aiz Tertebrmi 
three for the hinder division indonng the cerebral treasure ; three oomposiBg 
the fore part which opens in presenoe of the exterior world, which it seises 
and introduces* 

** The first three vertebnB are admitted (he alludes to Ohen and Spb) t 
they arey— 

«< The ocdpitaL 

** The posterior sDhenoid. 

^ The anterior sphenoid. 

•«The three others are not yet admitted; they are^— 

** The palatine bone. 

** The upper maxillary. 

<• The intermaxinarT. 

''If some of the eminent men who ardently cultivate thia subject should 
fed interested by this nmple enunciation of the problem, and would iDue* 
trate it by some figures indicating b^ ngns and ciphers the mutual rdatkNM 
and secret affinities of the bones, its publication would strongly draw the 
thinking mind in that direction, and we may, perhaps, one day, ourselvea. 
give some notes on the mode of contideriDg aiod treating these questlona." 

Professor Cams of Dresden has best responded to tab appeal of his las* 
mortal countryman : but it must be admitted that the detailed and oomples 
exposition of the theory of* the six vertebras and intervertebrm^ of which thi 
general results are given in Table IIL, have yielded to anatomical science B 
result which is harfiy equivalent to the seal and pains manifested in the ai^ 
tempt, or to the artistic merit of the illustrstions, published by the aooooH 
(j^hed author of the ' UrtheOen dea Knochen und Schalengerustea * (IbL 

Geoffiroy St Hilaire deems the skeleton of the head to be coasposed of 
seven vertebrae ; and he has the merit of having more steadilv Bought the 
homologies of the inferior arches of the cranial vertebrm than hie prrdfoia 
aors, who seem not to have sufficiently appreciated the eisential charBcter of 
these portions of the primary smnents of the vertebrate endo-akeletoo. 
Nevertheless it must be admitted that Cuvier has made good the grouide e^ 
his r^ection of Geoffipoy's theory, as one based less on observatioo than oai 
purelv d priori views^ according to which the bones of the AidHf i«al or 
imagmary, are arranged into seven vertebras, composed of nine pieces eaeh*. 
The cranio-vertebral sjstem of Geoffiroy is liable to the fiuther djectloo, 
that he has combined, as in the case of nis typical vertebra from the tail e^ 
the flounder, parte of the exo<«kdeton (c.^. the suborbitals) with parte of 
the endo-ekdeton to which alone the vertebral theory la applUiabieb 

In theiasdculi of the magnificent * Ost^ogrsphie * with which Pifofeseor de 
BlainviUe has enriched his science, the deScriptions follow the piaa of the 
classification of the bones of the skdeton propounded in the above-dted Me- 
moirs, in the < Bulletin des Sciences ' for 1816 and 1817* la the PhMpeetaacT 
the 'Ost^ographie', M. de Bhunville briefly refers to the gical qnestioae of 
comparative anatomy, which the German organologista have oomprahended 
under the name of * SigmJIeaHtm qf cAs Skdekm^ in allusioa only to th# 
** gross errors aad opinions almost extravagant, of aome of the persona who 
have occupied themaelves with these questions s" whilst he reproboteib m <bi 
•Ce?iBr,mtts!fsdesPelwBe^4to,t.L»tML 
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Other hand, in eqnaDygcDenl tenns,** those wlioliaTe been nneUe to devatA 
themtdvet to these lusd of qnestioosy pertlT on looonnt of the netnre of their 
minds, peitlr from the want of propw ana snflBeient sulyects of contempla* 
' laon*." 

Ndther the first step, the most dllBciilt of all, nor anv of the sacceeding 
stem in the aoqnisilion of such Tiews of tlie ' Signification of the Sluleton' 
as M. de BlainviHe adopts are noticed : no olgection to the Tertebnl system 
of the shall is answered : no error that may have opposed itself to a reception 

iof the doctrine is explained or refated : of the particular labours and di^ 
coreries of individual homolocists the author of the * Ost^ographie' is silent 
1 1 He defines a vertebray in the laDguage of antbropotomy, as a single bone :— 

I ^ Une Tertdbre, considMe d'une manidre g^nmle, et par consequent dans 

' son tet complete est un os court, mMtan, symm^trique, formant un oorps, 

partie principale de la rertdbre^ aux deux mces c^posees de laqudle, exteme 
]' on domle, interne ou yentrale^ s*applique un are plus on moins dirdopp^ 

d*oa r£suUent denx cananx, Fun an dos, Tautre au ventre.* (i6. lasc L p. 6.) 
We discern the influence of the ideas of his ingenious contemporary, Geofflnoy 
! • St. Hilaire, in the admission of the ventral or inferior, as well as the dorsal or 

superior arch ; and, like Geoilroj, he recognises the physiologicsl rdation 
^ * of the upper arch to the protection of the nervous system, and that of the 

lower ardi to the protection of the vascular svstem : but, overlooking or re- 
jecting the idea of the relation of the ribs as the inferior protecting arches of 
the expanded central organ of the vascular system, he considers the ventral 
f hsemal) arches as arriving at thdr maiimum of devdopment in the taiL The 
dorsd and thoradc vertebra are, accordingly, characterised as those which are 
provided vridi costiform appendages diversdy articulated to them; over- 
K>oking, I may remark, the costd appendaces of the cervicd vertebrsB in the 
saurians and those which become anchylosed to the oervied vertebra in 
birds, as do^ frequentiy, thdr serid homoioffues to the dorsd vertebra in the 
samedass. M.de Blainville seems, dso, wholly ignorant of the fiiet that the 
bent-forward ends of the long transverse processes of the lumbar vertdnrm of 
Uie hares, eavies, and many other rodents, are primarily developed as distinct 
costd rudiments : the same rudiments of lumbar ribs are fcrand in the foetus 
of the hog, and in the first lumbar vertebra of many mammals t« " Les lom- 
bdres," says M. de Bldnville, •' n'ont plus de c6tes» mtoe inoomplkes." 

The ribs not being rq^arded aa ementially parts of the inferior or h«md 
ardies of vertebrae, the stemd bones which complete these greatiy expanded 
arches are aocordinsly regarded as a distinct series of bones, and called 
* stemebers.' M. de fibdnvtlle, as we have seen, had before (1817) compared 
them to vertebrd bodies. In the ' Ost^ographie,' however, he rightiy reguds 
I the body of the hyoid as thdr serid homologue^ but does not extend Us eom- 

parisoB to the bones thai in like manner comi^ete the mandibular and max- 
ilhry arches. These, with the eomna of the hyoid, and the stemd and verte* 
brd ribs, he classes with the bones of the extremities^ under the name of 
i^ypendaffcs (appendices), adopting, in his laiger work, as in his origind efsay^ 
essentiamr the idea of Oken, t&at the locomotive members are libenvted ribs. 
J%e iwD'hai VerUbnu — After much additional research and comparison 
dnce the first publication of mv ideas of the constitution of the typinl vei^ 
tebra or primary segment of the endoskdetont, I have found no reason for 
modifying them, but have derived additiond evidence of thdr accuracy ; and 
I therefore reproduce the diagrammatic figure with which they were originally 
* OiteocrauUSt PriMMctei, ApriL 1889, Vb %m 
t Thills,^ MiBlei't ArcUv % AyrioloA, 1888, ffu 101 
i Osokgled ItemellQes, 4ts» 18887^818. 
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illustrated ^fig. 14V. Although my Inveitigiikms of the fumUmeotal ^pe 
of the vertebnite^BKeletoD were fint made upon the daM of flihett whera ytfp^ 
tative uniformity* or irrelative repetition most prevaili, and where^ thereforf^ 
the type is least obscured by the modification of one part in mutual snbseiw 
Tiency with another, I soon found that I should be led astray by confining ni^ 
observations to fishes, and by borrowing illustrations from that dasi eiuliu 
sively. Comparison of the niscine skeleton with those of the higher aalmali 
demonstrates that the natunU arrangement of the parts of the endoskdetoD la 
in a series of segments succeeding each other in the axis of the body. These 
segments are not, indeed, composed of the same number of bones in any daaa 
or throughout any individual animaL But certain parts of each segment do 
maintain such constancy in their existence, relation, position, and offices, •• 
to enforce the conviction that they are homdogous parts, both in the oonetf* 
tuent series of the same individud skeleton, and throughout the serica of 
vertebrate animals. For each of these primair segments of the skdeton I 
retain the term * vertebra'; but with as little reference to its primaiy dgnifi* 
cation, as a part spedallv adapted for rotatory motion, as when the compa- 
rative anatomist speaks of a sacrd vertebra. The word may, however, seem 
to the anthropotomist to be used in a different or more extended sense thaa 
that in which it is usudly underatood ; yet he is himself, unconsdoudy perhaps^ 
in tha habit of including in certdn vertebne of the human body, d eme nta 
which he exdudes from the idea in other natuni segments of the same kind* 
influenced by differences of proportion and codescence, which ate the most 
variable characters of a bone. Thus the rib of a cervicd vertebra is the * pio- 
cessus transversus perforatus,' or the * radix anticns processus transverd verier 
bnscolli'^: whilst in the chest, it is * costs,* or 'jpai^ossea costs.' Bnttheolna 
is still an ulna in the horse^ dthougfa it be small and anchyloeed to the radint. 

The osteologT of man, therefore, cannot be fully or rightly understood 
until the type of which it is a modification is known, and the first step to 
thb knowledge is the determination of the vertebrd segment^ or natml 
groups of bones, of which the mydencephdons skdeton eonslatau 

I define a vertebra, as one ofAoie MegmeHts aftkt endthdukkm tdUcs4 cmp 
MUhUe Ae axis of tk§ bodjff amd the proUetimg eanalt tf the nerwmM amt 
veunUar inmkt : such a segment may also support dhir^uy apmmdagmm 
Exdusive of these^ it consists, in its typicd completeness, of the foQoiHiig 
dements and parte :— 
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TIm MUMt printed ill fonuui type •igniff thoie putt which, betog vfoaOy 
deTdoped from dittinct and indepeDdent eciilrei» I hatn termed *Mtog»- 
iMnie' element!. The italic* denote the parti» more properiT called pio- 
oeneib which shoot oat a* continnationt from lome of the preceding elementi^ 
and an termed *esogenoos': c.^. the diapophyiei or upper * trantverM 
procetiee,' and the sfgapophyaeiy or the 'obUque* or ^articular pro c e wei ' of 
hnman anatomy. 

The antogenoQS processes genendly cireumscribe holes about the centnim» 
which, in i& chain of Tcrtebra, form canab. The most constant and eaten- 
sive canal is that (fig. 14» ») formed abore the centrum, for the lodgment of 
the trunk of the nervous system (neural axis) by the parts thence termed 
' neumpophyses.' The second canal (fig. 14^ k), below the centrum, to in 
Its entire extent more irregular and interrupted ; It lodges the central organ 
and large trunks of the YUMular svstem (h«mal axis), and is usually formed 
by the huninss. thence termed ' temapophyses.* At the sides of the cen* 
trum, most commonly in the cervical region, a canal is drcumseribed by the 
pleurapophysb or oostal process, by the parapophysisb or lower transverse 
process, and by the diapophvsis, or upper transverse process, which canal 
inelades a vessd, and often slso a nerve. 

Thofl a typical or perfect vertebra, with all its elements, presents four 
canals or perlbrstions about a common centre ; such a vertebra we find in 
the thorax of man and most of the higher classes of vertebrates, also in 
the neck of many birds. In the tails of most icptiles and mtmmals, the 
hsmapophyses (aa in fig. 14) are articuhited or anchylosed to the under 
part of the centrum ; space bdng needed there only for the caudal 
artery and vein. Bat where the central organ of dreulation is to be 
lodged, an expansloD of the hnmal arch takes place, analogous to that whioh 
the neural arches of the cranial verta-» 
bra present for the lodgment of the ' 
brain. Accordingly in the thorax, the 
pleurapophyses (fis. 15» J^O ^''^ much 
elonnted, and the hannapc^yses (fig. 
15, f ) are removed from the centrum, 
and are articulated to the distal enda 
of the pleurapophyses; the bony hoop 
being completed by the intercalation 
of the hvmal q^ne (fig. 15, At) be- 
tween the ends of the hmmapophyses. 
And this spine is here sometimes as 
widely expandedf in the thorax of birds 
and cbdonians, ror example) as is the 
neund spine (parietal bone or bones) 
of the middle cranial vertebra in mam- 
mals. In both cases, also, H may be 
devdoped from two lateral halves, and 
a bony intermwcular crest may be ex- 
tended from the Bud-Iine, as in the 
skull of the hymna, and the breast-bone 
of the bird (fig. 15, A«> Tofiscilitate 
the comparison of the merita of the 
preceding view and oomenclatiire of 
the typiol vertebra with those of other 
comparative anatoousts, I have thrown 
the results into the form given in 
Table U. 
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To the Question why I ehouM here invented new nemet when GeoAvy 8t 
Hilmire had alreiidy proposed othen for the ▼eitebrsi etenients, I ean onlj ro> 
peat the regret with which I found myself oompelled to that invidioiis stqi^ 
alter haTing arriTed at the conTiction, that the learned Plurisian Pkofesior had 
sometimes applied the same term to two distinct elements, and sometinwa 
two distinct names to one and the same element : and I am glad to be able to 
cite the authority of Cnyler for the propriety and advantage of such a stepb 
His words are in reference to an analogous case^ '* Donner k un mol eonna na 
sens nouTcau est toiyours un proc£d6 dangereuz. et» si Ton a?oit besoJB 
d*exprimer une id6e nouvelle, il vaudroit encore mieuz iuTcnter nn nouveaB 
terme» que d*en d^tonmer ainu un ancien *." Now there is scarody one term 
in the fint column in Table II. which is synonymous with its opposite la Iho 
second column, or which expresses exacdy the same idea ; and the discrepant 
becomes greater in regard to the terms applied to the Tertebral dements of the 
head, in columns 1 and 5 of Tablelll. The respective concordance of the i ' 



of the vertebrd archetype entertahied bj Geoffiroy and mjyself with Nature will 
be determined and judged of by succeeding impartial and ori^nal obaerveiB» 

With regard to the term ej^Mtit ** de cvcXot, cerele, poor rappder an 
forme annulaire, permanentes chex les premiers," f Articulata, Dermoveil^ 
br^ Geoff.) '*et, an contraire, non peis6v6rante cnex les denders" (Vt-rt^ 
brata, Hauts-vert6br^ Geoff.), it is underitood by its author to apply to the 
annular s^ment of the crust of the insect, as weU as to the ' centrum* of the 
endoskdetal vertebnu Geoffiroy's primarr divi«ion of the parts of a vertdm 
b into the centre or nudeus ('noyau) and the lateial branches. The vppcr 
« branches laterdcs* or * p^riaux* are equivdent to my neunqMyphyses and 
also to my neural spine, in fishes : the lower laterd branches or * paraaux * am 
sometimes free and floattngf, when they answer to my *plenrapophyaei's 
but they are sometimes so united as to form a canal, when they answer < 
to my ■ parapophyses' in the tail of fishes }, and to my ' hiemapopbyses* ia 
the tail of cetaceans. Geoffror supposed, for example, that the hssmal i 
in the tail in all fishes was formed by the ribs, bent down and anchy' 
at both ends|, and that the haemd cand in the tail of the < 
whde was constituted by a like metamorphods of the same vertebrd desaeBlR. 
He, dsoi argued that, as the small spind chord of fishca did not deniaad 
so great a development in breadth of the neurapophysa, they were persdttad 
to attdn to unusud length ; and that, coalesdng together, th^ dius eoasl^ 
tated not ody the neurd arch but the neurd spine, to whidi latteff t]iepefoi% 
he extended the name 'pMd*; whilst to the corresponding part ia i 
he gives the name of *^id*. But, agdn, in fishes, he oaDs the < 
spines developed in the embiyonie median fold of integument whidi ia i 
morphoeed into thedorsd fins, ^6pianx' ; and the corresponding dermdipiaea 
of the ventrd fin ' cataaux.* Tim lepidodren, however, manifests the aenal 
^ine distinct from both the nenrapophyses bdow and tiie dermo-neurd spiaa 
sibove: and such neurd spine is nnequivocdly homdogons with the aa^y* 
losed neurd spine in osseous fishes |« It b quite in harmony with the posbdoB 
of the dam of fishes at the bottom of the vertebrate scde that they ahoald 
present a greater degree of cddficatioo of the parts bdooging to the sum 
categoiy of the skeletal sjatem as the shdb and crusts of the lavert^rateat 
hence it is that whibt the median dermd fins of the marine — -m^hIHi havB 

* Xteoirat da ModoB, t. XX. m. IflL 

t As thc7 sn lUinCratsd la the sUoiriBd vertdn of fhs ftA ignied by GssAsy ia ths 
•lfteointd«MQaum,'t.is.(1822),iLft.flg.4,pofarvl8r«,«. | Aflf.isa^ 

I Thli oceura ■• sa ctc^ticasl conffltba, la ths kaildoiitse^ sad psfhoi la tts fciiWs 
•iraa. I UBB.Tniu.T0l.xviiL^Sa,fl9.4,i^dL 
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tkdr Mpporliog tkclctoB is <W 
ibffOM itateb the eonapoafiag fNurte arooHiSed is 
raidy* bowevcr» are mA pvti ia UMWcnbla muMbcr to 
the vertebffs; and the trae ipiafa of tbew votriinib 
whcB the medSaa fiaa aod their boay ipiaei aia wa o fed, 
ia liihw.thow a» Ihtle iadicatioa of the place or eiMteace 
of mA Bm, •• do the votebne ia the porpoiM ef the 
eiifteaee of its dcroMl fia. Ia ptopottioa at oirifleatioB 
hM dtcaded iato the denial fvitea ofithcsilhaa beca 
arretted ia the vcrtdm^ whidi ia the tnmh and taQ eT 
tthct pretaH their Icart eomplcE eoodilioii. Two ef the 
aatogeaoot doMslii the * hamapoph jfc%* art ahtrat, and 
art coamoalj icp r tt ea te d, ia the tail» by the awdified 
* parapophytet/ The w tming eompleaiqr ef a ith't ver' 
tebim ariiet froai the iaterealttioB of bonet i|ipcrtaidBg 
to the mtem of the demo-fhelclDa : it voold htTe beta aa 
anoiatl exeeptioo to the gcncnd eoarw ef 
the lovctl of the fcrtcbrate dattet thonld have 
the ygftcbrtl ■hcltten ia itt highett ttate 
and Geoftmr SLHOairtwataafortaaate ia taking a Bih't 
veitebia wiUi itt eactriaric e?erie b t a lt com plicati o a^ at the 
perllMt type of thai priaitry tq^awnt of the 
(oottkeletoa (fig.l6> HewatttiD 
for tiM labject of liit figart* a ipi 
ofthepieecehad been aecideatally lott» at Cnvier aftcfw 
wardt pointed oot ; yel Geed P roy ' t matilated eaadal vcfw 
tebim of tlie plaice eootianet to be co p ied 
or com] 
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the andenceph^ ^ 

anhuKTinhanBg a« 

II fioB wlkk Uro J 

ieraftcr> ^ 

adal vcffw | . 
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ayp at the type 
ve rt eb ra l To obtaia tiM dermal tpinet (pro-cp8al and priK 
citaal) of the TcrticBOy extended candalTertebrs of 6ihrt» 
GeoAoy had recooneto a hypothetical divitaoB Iciigth- 
s of the tnCeraenral and intcfhsmal tpinet (whi^ are 
at bang tingle in hb Sgnrr)* and to at gra- 
t^toot a diiplaoenient of one of the halTca fnna the 
tothetawait oftheotherf. Now the inteineartl 

I are actnaUy donUe ia rdatioa to tha 
1 tpinct ; jH thcj cocBiit with a ~ 
' ray, whi^ therefore ~' 
diaage of place of dther of itt 
tpiaet to arcoant for itt eaittcnce. I talgoin'in i^ 
16 an eatirt Tcitebra antwering to the mntihtcd ooe 
figared by Gcoffroy ; and for the better anderrtandiag ef 
i between hit dctcnainatioiit of the vcrtc£ffal 
I and thote given in the pteital work, the naawa 
retpeetivcly indicatiBg thote different deterBtinatioot ai% 
added to the figare. Ia the dctcription of the plate ia 
the * Mteoirtt dn Muatnm,' Gcoffroy ezplaint that the 

«pro-^*ittheleflhalfor*£pid^aadk*udtheeB-«pial 

the right half or«£piddMC'sthattheeBH!atadaitheright """^ 

half or * catad dMi;* and the pro-catad the left half or • catad ^oadk* of hit 

imapaarily divided epivertebrd and eatavcttdird dciaentt (t c; p. |15]k 
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• IMMhti dt Modoa, i. h. On«b JL K %. 1. 
''A.puf?. 
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The truDk of fbhct, in respect of hs viioeim sad the degree of deTclopiiieiil 
of the endoekeletOD, antwertto the lumber sad eeodel regkme of eir-hreeth* 
ing vertebratet, where the vertebraB nmiallj loee eome or thdr elementii et 
least as bones. The heart and respiratoiy oigans are placed in the head of 
the fish ; and it is ooIt in thb regioB that the irertebral s^mente attaia to 
typical completeness m that class. Geolilpoy, in stodjing the special and 
general homologies of the bones of the head oC fishes* blends indiieriral- 
nately, as in the supposed typical Tertebra from the tail* elements of the 
dermoskeleton rsuborbitiJs and lacrymtls, sk ^•) with those of the endo^ 
skeleton ; and also presses the capsules of the necial oigaos of sensa into tho 
composition of the seven cranial vertebrs of has systm. It needs only to 
compare the synonyms of the elements of these Tcrtelnm in Table III. to 
perceive how impossible it would have been to have expressed the ideas 
which I wish to exponnd and illustrate in the prasent woHl by tlie use of the 
names for the vertebral elements proposed by GeoflWiy» or of english equi- 
valents. The prefrontals, s. g. (no. mX whiiA I regard as the nenrapophrsea 
of the nasal vertebra. are» according to Geof ror, epiab of the Snd or labial 
vertebra in the class of fishes ; but are epiais of the Isl or nasal vertebra in ^ 

the crocodile, according to the tables given in tho *Anoales des Sciences,' t. iiL I 

pL9, and < Atlas,' p. 44; whilst they are the periab of the Snd vertebra in 
the scheme of 1825, cited in the fifth cohmm of Table III. 

I have deemed it requisite to enter tho BMNre folly into the grounds for 
abandoning the analysis and nomencbtnre of tho typical vertebtm pr o p ose d 
by Geoffiroy, because they have received the aanetion In this country of the 
leaned Professor of Comparative Anatomy at University CoOego. Dr. Grant* 
converts the French names into English equivalent phrases; ^vp^^igk^'^atUAiiKA 
element' for cyd&d^ * perivertebral element' tutperitJ, Ac; and abendons 
the advantage of a definite name, without remetq^ing tho disadvantages of 
the double emplmrment of the same names lor two dktiBet elements, imd of 
the application of different phrases lor the same element K for example^ 
the neursl spine of the refitile or mammal be, &b mrtore, the bomologue of 
the neural spine of the fish, then the latter is called an *cnivartebcaleleBMnt,' 



whilst the former b called a ' perivertebral slement.' If the dermo-neonl 
spines of the donal fin of a fish be, in natnic^ hoawdogoos with the fibro- 
ligamentous tissue supporting the dorsal fio of the doqihin, then the term 
■epivertebral dement' isap]^iedtoaspineof thoeioskslelGO Id theflsh,aad 



to a spine of the endoskeleton in the memmal, wliidk spine eo-exists with sock 
dermal spine in the fish (see fig. 16). If the pampopkysM or inferior tnnsvena 
m in the fish be a distinct element mm the ffiapophysb 



transverse procem in the mammal, the same phrase^ 'pamvertebrsl dement,' 
is Implied to each. Dr. Grant, moreover, gives tho same name^ *c a tavcrtebia l 
elements,' to the free vertebral ribs in fig. S8, B. ^. p. 58, ip. «it, as he mliea 
to the hsemapophyses in the tail of the reptile or eetaeeaa, in fig. 98, C. ^ 
Idc ett; whilst Geofflnoy applies the name 'ealaaax ' to tlie sternal ribs, and 



not to the vertebral ribs: as the caudal vertebrm of tho menopome (^.98), 

show that it is with the sternal ribs that the dievTOO bones in tlio tails of rep* 

tiles and cetaceans an liomdogous, both parts are ' ' 

system. The transference of the term * cat a t e t t ebrd < 

from the < cdtes stemales ' to the pair of riba extended i 

parapophyses of the abdomen of fishes, is a deviation from tho original va^ 

tebral system of Geoffroy, which secnm to lead lltfthcr vnj from nasuNb If 



* hanmpophvses ' in mt 
iedfirottthe^cndaeftho 



it is meant that the ontstiotchcd parapophyses in the tfagram of the 
vertebra of a fish(fig.28, B.// I0O. cic.)b and which an there 



osIled*parn» 
lili»lfuft^M. 
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Tcftebral elcmeDts,' wn the hamdUfg^M oT the * eMee vert^brelee ' oT Ugber 
vertebrates to which GeofiioT Mnjped the name « perMWZ,' tUi appcm to 
^ be aD«ither minpprehennoB of the rdatioiM io qoci&oB. 

Dendepmemt if veHOrm^^Betan applying the idea of the areheUpal 
vertebra, or primaiy segment <if the codo-tLdetoD,giTeB Id ige. Hand 15, 
to the elucidation of the modilieatione of thoee ■egmenti in the diflcient ver- 
tebrate da»ei» I shall premiM a few obfervaliona on the mode of develop- 
ment of the vertebra in thoee riamwi 

The chief condition of the development of distinct vertebrm in the tnmk 
is the coiynnction of nerves with, or their progrms from the spinal chord x 
at least, thb circnmstaoccb with the concomitant exit of blood-veMels from 
the neural canal, seems to determine the development of the neun^wphyses : 
and the vertebral bodies are not dow in eoincidinc in namber with those im- 
portant arches ; and in determining with the regnbr primary pairs of (inter- 
costal, lumbar, drc) arteries, the inferior or hmmal arches. Wemayleamhow 
much the development of the neurspophyses and vertelMral bodies depends* 
In the trunk, upon the coignnction of nerves with the spinal chord, by the 
fret that, in the regenerated tails of lizards, the vertebnl axb remains coo- 
tinuoos and unjointed, because there is no co-extensive spinal chord giving 
offpalnofnervcai 

An extremely delicate flbrooa band, with soccemivdy accumulated gdati- 
nous cells, compacted in the form of a cylindrical column, and inclosed by a 
membranous sheath* is the primitive bests^ called 'notochord'* (ektnda dana- 
iu sen ^etomosa, Lat, gauere$Smle uod rndtentetft^ Germ.), in and around 
whidi are devdoped the cartHaginoos or osseous dements by which the 
vertebral colunm is established in every dam of I fyi i tmnp ktda* 

The earlier stages of vertebrd development are permanently represented, 
with individual peculiarities superinduced, in the lower forms of the dam of 
iishesf • In the Denmopten or cydostomoos 6shes, the neural and hsmal 
canals are formed by a separation of the layera of the outer part of the apo- 
neurotic sheath of the gelatinous chorda: in the lanodet (AmplAoatiu) there 
is no distinotkm of structura in the cranial part supporting the anterior end 
of the nenrd axis^with which the trigeminal, optic and dfretory nerves com- 
~ atc^ and the rest of the rudiniental vertebful eohunn : a labid carti- 



laginous arch supporting the tentacula Is, at least, the only lineament of 
devdopment which sketches out the skulL In the myxinoidb the skull in- 
dades a complex system of cartilages, but the vertebral edunm of the trunk 
advanced beyond the gdatino-aponeurotie stage. In the lamprey 



caitilagiaous laminm ara developed in the outer layer of the fibrous sheath, 
and give the fint indication of neurd arches t. In the sturgeons {^8imi»^ 
P^Xffodmt) the inner layer of the fibrous capsule of the gdatinoiis notochord 
has increased in thickness, and assumed the texture of tough hyaBne carti- 
lage. In the onttdr layer are developed distinct, firm, imd opake oarti- 
laceib the neunpopbyses^ whidi consist of two superimposed pieces on each 
side, the bamlportion bounding the neurd canal, the apicd portion the 
pardlel caad filled by fibrous dastic ligament and adipose tissue; above thie 
is the single eartilaginoos neurd spine. The parapophyoes are now di- 
stinctiy devdoped, aMl jdned tugether by a continnoos exoanded base^ form- 
ing an inverted ardi beneath the notochord for the vascular trunks^ even in 
the abdomen. Fleunqpophyses are articulated by ligament to the ends of the 
•Itfrwlwl, x«r^4.<Mv- WalMTOUlbertobidBaBBi^eqprivdartiwtkiiCM. 
•r bMit «r cveiy wtcbnts safaDsl: 'donstchorA'sr 'c 



biyaeileksdor bttit sf cveiy mtcbnts safaosl: -donstchorA'sr "dMds'li Usblt to 
te i^mnteitosd far ths ' niMi Asri.' 

t Hnlcflm Lectaici ea Tcrtdnts, 184«» ML 4ft, 4fi. 

t Caiicr, MteoiKs 4b MaiteB dllirtoiR iGtvdk, t. L 181ft, p^ lai. 
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laterally proiecttng paiapophynet in the fifil twdve or twenty abdomiDal ' 
tebne : in the anterior onea these 'Tertebral riba ' ara eompoaed of two or 
three distinct cartilages* : the posterior plearapophyaaa ara short and ainiple. 
The parapophjse« gradoally bend down to form hmud arehca in the taiC at 
the end of which we find hemal cartilaginooa spines eonesponduig to the 
nenni spine* above. The Upering anterior end of the notochord ia con* 
tinned forwards into the basal elemente of the cranial vertebras. Vegetative 
repetition of perivertebral parte not only manifesto itself in the oomoosito 
neurapophyses and plenrapophyses, but in a small accessory (intemenran cai^ 
tila^ at the fore and bach part of the base of the neurapophysis; ana by n 
similar (interhemal) one at the fore and bach part of moat of the parapo- 
physesf. 

Amongst the sharks (SguaBda) a beautifbl progrcanoB In the fnrtfaer 
development of a vertebra has been traced out, chidly by J. Mailer !• In 
IK^pftmcAuff {Sguahu einareus) the vertebral centres are fceUv anovq^ 
tatively ^narked out by numerous slender rings of hard cartilage m the boCo» 
chordal capsule, the number of vertebrm being mora definitivenr indicated by 
the neurapophvses and paiapophyses ; bnt these remain cartilaginooa. Ib 
the piked dog-fish (Aeanihias) and the niotted dog-fish (r "' 



tebral centres coincide in number with the nenral arches, and ara defined br 

a thin layer of bone, which forms the conical articular cavity at each end: 

the whole exterior of the centrum is eovered by soft cartilage, exoept at tho 

concave ends ; the two thin funnel-shaped plates of osseous matter coalesce K 

at theb perforated apices, and form a basis of the vertebral body Uke as < 

hour-glass ; the series of these centrums protecting a continnooa mooiliform \ 

remnant of the gelatinous notochord. In the great basking-shaik (iSUbdk) 

the vertebral bodlea are chiefly established by the terminal booy eooeib ^ 

thick margina of which give attachment to the elastic capsules contaiBiiig 

the gelatinous fluid, which now tensely fills the intervertebral bleonial spacea. 

Four sub-compressed conical cavities extend, two from the bases of tho 

neurapophyses, and two from those of the parapophyses^ towards the centiB 

of the vertebral bodv, contracting as they penetrate It. lliese cavitlea alwaya 

remain filled by a clear cartilage : the central two-thirda of the rest of the 

vertebral body contain concentric, progressively decreasing^ mid Bunut^y 

perforated rings or cylinders of bone, inteirupted by Uie foar drpmaslnna i 

the peripheral third of the vertebral body contains longitudinal booy lamina^ 

which radiate, peipendiculariy to the plane of the outermost cylincfer, to the 

circumference ; these outer lamine lie, therefore, paralld with the azia of the 

vertebra, and the intervening fissures, like those between the coneentriecyliB* 

ders within, are filled by dear cartilage, which shrinks, and Invca th« opca 

in the dry vertebraf. 

In Cuhraekm the intermediate part of the centrum between the tenBlml 
cones is strengthened by longitudinal radiating plates only ; in Sgmatum by 
concentric cylinders only. In the tope {Gainu) all the space between the 
terminal bony cones to ossified, excqit the four conical cavities^ the beaea 
of which are closed by the neur- and parwapophyaes ; ao that the whole 
exterior of the centrum appears formed by smootti eompaotbooe. 

In the osseous fishes I find that the centmm Is nsaaDy osnfied AtMB sis 
pointsb four of which commence^ as Rathke| describes, in the beaea of the 



• jkvidt ft Sstsdrarg. MediriBiMdie Zootogis, 4to» 18SS, t a. pL iv. if^ 

t HiuiteriniUetiiKS0BVcrtdmits,1846i[Vu,i|.lt. 

t 8m AgiMit, B«AiacbsB sv Its PMn. Voss. t. liLpp. Sfl, SaO. 

f HvBteriaBLsetiircsoaycrtclints,18Se,p.M,flg.lg. 
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two neonpoph jiet and the two pvftpopbyiet ; but the tcnninal coomf pUtet 
of the eentram are leiNumtely oiiifled. They eoeletce with the iDtennediete 
put of the eentram, which ii sometimes completely osiifiedt but commonly a 
commnnicatiitt aperture is left between the two terminal cones; and in 
many cases, the plates by which calcification attains the periphery of the 
body leave intenpaces permanently occupied by cartilage^ forming eavitlea 
in the dried veitebra, especiaDy at their under part, or giving a reticulate 
surface to the sides of the centrum. The expanded bases of the neuiw and 
par-apophyses nsuslly soon become confluent with the bony eentram; some* 
times Arrt'expanding so as wholly to inclose it, as, for example, in the tnnny^ 
where the line of demarcation may always be seen at the bolder of the arn- 
cuhur concavity, though it ia quite obliterated at the centre, as a section 
through that part denwnslrates. 

Miiller correctly distinguishes a < central ' froma 'periphersl '(cortical) part 
or seat of the ossification of the vertebral bodies of fishes. The peripheral 
ossification which takes its rise from the outer layer of the fibrous shwth of 
the notodiord sometimes extends into broad platM beneath the anterior ver-> 
tebrse of the trank, and tends to fix or anchylose a certain number of them ; 
when they are commonly represented by the partially distinct central parts 
of the bodies, together with the nenr- and par- and pleur-apqphyses. 

The batrachia follow doselv the stages above-cited m fishes ; the centrama 
beinff anrested at the biconicu stage in the perennibrancbiates, but converted 
intoball-and-aocket vertebrsB by 3ie ossification of the interposed gelatinous 
ball* and its adhesion, nther to the fore-part of the eentram (Pv^ Sola* 
mandra)^ or the back part ( JZono, Bufoy The mode of ossification of the 
eentram varies somewhat in batrachia. Mullerf describes annular oasifi- 
cationa in the sheath of the notochord of the Rama U m p omr ia and R. ncmi- 
• lente, which support, at first, the nenrapophyses. Dog^ apparently in* 
flnenced by Bi. Serres' so-called *law of centripetal development,* deaeribea 
two cartilsoinons nudei, side by side; but the more obvious and better-de- 
termined Mvdopment of the vertebra of fishes gives no countenance to thb 
biktcral beginninff of ossification of the eentram as a general law. The fiiat 
distinct bony nu£us in the eentram observed by Dug6s was bilobed, and 
afterwards cubical; but excavated before and behind, as wdl as beneath}. 
The ossification of the eentram is completed bv an extenrion of bone from 
the bases of the neufiqNyphvses, which efi'ect, aiso^ the coalescence of these 
with the eentram. In Pe2oMnykmab and /VUoto oiler^pM^ M 
the entire centrum ossified from this source, without any independent pointa 
of oarifieatioo. 

The vertebra of the tail of the larvm of the anonrans are represented dl- 
stinctly only in the aponeurotic stage. Even when the change to cartilage 
takes places the tendoacy to ooalesMnce has be^n to operate, and only two 
long nenrspophyses are established on each side : the ossification of these 
platai extends into the fibrous sheath of the remnant of the coccvgeal note- 
choni, and they coalesce when the perishable parts of the tadpole-tail have 
been absoriMd, and the fore- and hind-legs developed, constituting the long, 
often hollow, and inferioriy grooved eoccygeal bony style. 

In saurians, birds and mammals, the notochord is indosed by cartilage 
before osdfication begins; which cartilage b continnooa with the cartilagi- 
noua neurapophyscnf. In birds, the two histological processes, diondrifica^ 

• Dalrochct, IMMini peer tvfir a raistoira Mat. et PkydoL des AaiMm, *e, t. 8. 

pu aaa» ias7. 

f KcselogM osr lijBMidce,184a, Bk aiL 

t BacfaoSs sv bs BslnckM, ml, 4to^ p. laC 

% Mansr. Vsii^ifhniili ^ mwAt dg MyihsMse, Wswokgb, IMtb ^1^ 
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tlon and oMiBcatioiiy do ooi prcdtdy foOow the mum roatflL In Um ecntraiM 



of the donal and oenrical vcTtebns of the chick cboodrificatloD it eentripctalt 
it l>egina from two points at the sides and proceeds inwaids, Um middle line 
of the under sttrface of the primitive notocnord redsting the change longest. 
Bat, when the lateral cartilages have here coakesoed, ossification heifioB al 
the middle line and diverges laterally ; the primitive nudd of the boor centica 
appearing as bilobed ossides, and iu direction is centrifogaL Im lobes 
ascend to embrace the shrivelled remnant of the chorda, like the hdlov vcfw 
tebral centres in fishes. Onl^ in the sacral vertebras in ossification bees 
seen to begin from two distinct points at the middle line. The bases of 
the separately ossifying neurapophvses extend over much of the centmiB, 
and soon coalesce with it. In reptiles a greater proportion of the eentmm 
is os^fied from an independent point, and the bases of the nenrapof^jses 
often remain permanently distinct and united to the centrum by suture. In 
mammals, as in fishes, the centrum is ossified from an anterior and posterior 
centre, establishing tlie articular surfaces, as well as from an intermediatt 
point. This is considerably overlapped bythe bases of the neurapophvses^ 
before they coalesce with the centrum. The three primitive paita of the 
centrum remain longest distinct in the cetaoea. The body of the huBum 
atlas is sometimes ossified from two, rarely from three, distinct eentics placed 
side by side *• From these ascertained diversities in the mode of formaidoD 
of the central element of the vertebra, it will be seen how little devdopmeotal 
characters can be relied on as afflecting the determination of homoiogons paita. 

General Charaeten of' VerUbrm rftke TVvfiiL— The osdfied puts of the 
abdominal vertebrm of osseous fishes answer to e, centrum ; B, nenrapo* 
physes; » t, neural spine; /h parapophyses; pl^ pleurapophyses; nd e^ ap- 
pendages (fig. 17> 

The neurapophvaes com* F%.17» 

monlv coalesce with their r^ 
spective centrums; except in 
the case of the adas, where the 
neural arch b somedmes quite 
separated ftom the centrum* 
and wedged between thoae of 
the occiput and second verte- 
bra. I have found also the 
nenrapofAyses of the two last 
caudal vertebrm unanchyloaed 
fQ thdr centrums in a large 
sea>pereh ICkntrogMiiUs gigoB^ 
O.) in which the five terminal 
hsemal arches and spines te- 
mained similariy distinct, and 
articulated with the centmflss 
bdow. In the carp and pike, 
the primitive independence of 
both neurapophyses and par- 
apophyses b more general and 

longer maintained. In the 1e* . . , .. . i. _j ..^ 

pidodien the vertebral bodiea are not developed, Uie noto^ofd bdng pei^ 
ustent; but the peripheral vertebral dements are wdl-ossified t Uie aeniw 
apophyses in thb fi«h remain dbtinct from the neural spines ; and the hmasal 
spines are in Uke manner moveaUyaiticolatcd to the hmmalaichca. Tbcat 

• Msdkd, Aiddv fir dit i^xMQgis, Bd. L an») t. «L %* L 




lyirtiif. 



I 



I 



r 



I' 



M ON THB TBRTSBEATB SKBLBTON. 

■TB formed by tbe gndoally beot^dowa rilM*, which are fbrawd in Um 
abdODiea cither Iqr vniuany dongated 'penpophytet* (if thej be intei^ 
picted by the coodStioo of thow dements in the cod-lbh> or by plenimpo- 

eytei nrticalated directly to tbo fibrous sheeth of the notochord; which 
Mpretation of the mode of formation of tbo h»mal arches is sopported by 
FrofcHor MaOer^s discovery of the nature of those arches in theZipidMntf f. 
Whether we adopt the analogy of the AMaetuUkim^ or the Gamoidd (and 
tiw geneni alBnity of the PnSfpteri to the ganoids would incline the choice 
to the hitterX the constitotioB of the hsnial arches in the lepidostren is 
strictly piscine; at least if we take the skeleton of the tailed batrachia 
(fig. 28) as our guide to the homology of the caudal inferior arches in 
h^her reptiles and mammals. The unusual size and length of the abdo- 
minal parapophrses in the cod-tribe ( Gadidai)^ the fiatpfishes (PlainmeetkU)^ 
and the genus OpkidiMmt evinces the natural character of the order .^Inoeaii- 
tkmi, in which they have been grouped together by Professor Miiller: the 
pleurapophyses are^ converMly, verv short and slender in this order. In all 
iMoy fishes the costal arch in the abdomen is completed by the aponeurotic 
septa between the ventral portions of the myocommata^, which there repre- 
sent the ' hscmapophyses* (fotfifoffinn <Y>fft r, huerwtioMBt ifndnt f &t mtcse* rsetf 
a b do mtMii of anthropotomy). Indeed, when we reflect that the trunk of 
the fish, by reason of the advanced position of the heart and breathing organa» 
answen to the abdominal and caudal rwions of the trunk of higher verte- 
biates, we could hardly eipect the typical vertebra to be there earned out in 
osseous tissue ; but rather be prepared to find the hmmapophyses retaining 
the same primitive histological state which they present in the abdomen of 
mammals and man (fig. 85» k"). 

Immediately behind the eoraooid arch* it is usual to find along and slender 
rib-like bone, sometimes composed of two pieces, on each side ; it gives a 
firmer implantation to the portion of the oKrocommata immediately behind 
the pei^onl fin ; and b obviously the ossified serial homdogue of tlie luem»- 
pophysial aponeuroses between the succeeding myocommata. It is usually 
detached from its centrum and articulated superiorly to the inner side of the 
coraeoids when it rises higher, as in the Baira^M$t it becomes attached to 
the atlas, and in the Argj^nonu vomtr it meets and joins its fellow bdow, 
forming a true inverted or hsemal arch, |Murallel with, but more slender than 
the corscoid arch. No other idea of the general homology of this arch pre- 
senti itself than as a hsemal one, eompleUng the costal mh as an ossified 
hsemapophyus, differing from the typical vertebm (fig. 15) only bv the non- 
development oiF a sternum or hssmal spine : and there appears to be as littk 
ground for heritatlon as to the particular segment of the endoskeleton to which 
to refer thlsoostal or inverted arch ; its immediate succession to the correspond- 
ing arch attadied to the occiput, as well as the occariond direct attacmnent^ 
indicating that segment to be the atlas or firrt vertebra of the trunk* 

The bttt-markM generd character of the vertebrd column of the trunk in 
the dass JRtseet is that which Professor J. Miiller firrt pdnted out ; vis. the 
formation of the hmmd arches in the tail by the gradnd bending down and 
coalescence of the parapophyses $ the exceptions Mng offered by the ganoid 
pdypterus and lepulosteus snd the protopterous lepidoriren. The pleurapo- 
physes are, sometnnce, continued in ordinary osseous fishes ftom the parapo- 
physes after the transmutation of these into the hcmd arches. The dory, 

• Lba. TVuk vd. xvfiL |L 28, fig. 4, ##. 

t BoMiks oa the Straetus cC the Gsaoidd, iuTSjloi's Sdnttte McsMin, vd. Iv. 

t Lsetans pa Tsttabma, 184i, p. 1C8, %* 44, A^ 
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iiionj, and talmon Tield thii itrikiiig refiitrnticii of tbn Idea oTtka i 
of those arches in aU fishes, by displMed,caittfled and approiiflBatcd ribs. la 
some fishes, however (c.^. the eod), reduesd plenrapophysescoalcaoe with th# 
parapophyses to form the hsemal arches of the eaudal Tertcbrm. The ombo- 
pome, amongst the lowest or perennibranchiate rrptiles^ yields a dear disproof 
of the formation of Uie haemal arch in the tail by the plearapophyses (tha 
parts, vis. called by Geoffroy ' paraoz,' and by Dr. Grant *eataveitebnl de» 
menu ' in the abdomen of fishes)*. The Tcrtebral ribs or plenrapophyiea ia 
the menopome (fig. S8,|il) are short and simple and suspended to the eitra* 
mitiea of the diapophysa (d) at the banning of the tafl» where they cocziBft 
with hsBmal arches (J(, k) : these most be formed, therefore^ by different de- 
ments, which, since no trace of parapophraes eaists in any part of the spinas 
I conclude to be the * hsemapophyies.' The yonng crocodile and the adnlt 
enaliosaors give the same evidence of the natnie w the hmnal arches in the 
tail, with which the corresponding arches or dievron-booes^ In eetaeea and 
many other mammalia, are homologona. 

Thus the contracted hsemal arch in the candal Rgkm of the hodj may bo 
formed by different dements of the typicd vertebra : e. a. by the parapophyses 
(fishes generdly) ; by the pleurapophyses (lej^osiren) ; by both parapophy- 
ses and plenrapophvses {SudistLgddoiinu), and bj hsnuapophyseib shortened 
and directly articulated with the centrums (reptiles and manunab^f • The 
candal vertebrm of some flat-fishes {Platromtiidttp fig. 16), ana the m«- 
rsutt, would seem to disprove the parapophydal homdogyof the hssmal awhea 
in such fishes, since transverse processes from the sides f»f the Iwdr eoedn 
with them, as they do in the cetacea. But, if we trace the veitebnd nodUI« 
cations throughout the entire column in any c»f these fishes we shaO find thai 
the hsBmd arches are actually parts of the transverse processes^ not indoMmd- 
ent dements, as in the cetacea ; but due to a progressive biforeatioii : thiib la 
Murmna Helena^ for example, begins at the end of the transverse prnnrasca 
of about the twenty-fifth vertebra, the forks diverging aa the fissnre denen^ 
until, at about the seventy-third, the lower fork descends at a right anpa !• 
the upper one (which remains to represent the transvene ptoeess)^ and^ 
meeting its fellow, forms the hsBmal areh« and supports the anteiojos tcri oriy 
expancwd hsenud spine. In the plaice a small process is given off fWiai tha 
expanded base of the descending parapophysb of the first caadd vaildHa, 
which increases in length in the second, rises npoo the side of the body ia 
the third, becomes distinct from the paiapophysb in the fourth, and giaduaDy 
diminishes to the ninth or tenth eandd vertebra, when it disappeaia. 
spurious transverse proc es s es cover suppoit riba. 

The neurapophyses are often direclly perforated by the nerves fai I 
but are sometimes notched by them, or the nerves issue al thdr interqia 

The neurapophyses, which do not advance beyond the cartOsgiaona stage ia 
the sturgeon, consist in that fish of two distinct pieces f»f cartilage; and the aa- 
terior pleurapophyses also consist of two or more cartilages, set cad on end: aad 
this interesting compound condition is repeated in casea when the pleaiapa* 



physid dement is ossified and required to perform nnusod fimetiona ia tha 
bony state in other fishes. Amongst the more spedd or CKceptiond aMifift- 
cations of the vertebrm of the trunk of fishes, whidi iadleale tiM eateai la 
which thdr normd segmentd diameter mav be marked, I would dto those of 
the anterior ▼ertebra in the pipe-fishes, in theloaehes^ and in oertaiB sflni^aMBi 

In the FiUidaria iahaeoonn (PL 1, fig.6^ the four anterior vett e b w s art \ 

mndi elongated; the second one evea to em^t tiases tha leagth of tha or- \ 

t By s niMoaeapiiM flf tha MDie i> wbiciToM ths ton •hoDnof^TCSi,' IL Ifsrib 
hatsimltedUlotiMlsmlMiofthsi '^ ' . . "•T- i 
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diDtfT ftbdomiiial vertebra: And tMr eentnimi (e) an firmly interiodMd 
together, bj Terj deeply indented sotniei. The penpophjiet (p) eie co- 
extended with the oeotmms, and overlap each other, forming a oontinnovia 
oatstasdinghoriMotal ridge on each ilde; and the nenral epinea (n«) form a 
nnular vertical eontinnons creil. 

In the CMtufimUi and C. hmrhattOa the paiw and plenr-apophytee (tk 
fig. 7, p) of the teeond and third vertebrs coaleice and swell ont Into a large 
< holla OMca' on each side^ indonnff the small air-bladder of thcM fiihea s 
thej alM lodge-the little oviclei which bring thb vertebral tympanum into 
eoomianication with the proloogations or atria of the labyrinth*. 

In a large South American ailunild fith (ik figa. S and 4), I found the 
fore-part of the vertebnd column of the trunk apparently formed by one large 
vertebra, the body of which lent a broad triangular plate outwanls on each 
nde, giving it a niomboidal ^ure, viewed ftom below: these plates in this 
fish support and coalesce with five parapophyses Qs •• «, s« or, a^ which ascend 
and increase in breadth as they approach the skull, whers they join the paroc- 
dpitals (pa)t as they are^ themsdves, joined together so as to form a con- 
touoos broad oblique outstending plate of bone. Above these^ the continuous 
bony neural arch is perforated for the exit of five pain of nerves ; the domd 
and ventral roots cMsping separatdy, as in the sacrum of birds (flg.d,» «> », s)» 
The coalesced neural spines send up a lofty pointed plate to the overhanging 
supraocdpitaL On vertically bisecting this snedmen, I found the centrd parts 
of the bodies of five vertebrm (e^ a, «, s, 4, •) which had been devdoped In 
the notochord, distinctly marked out, and preserving in thdr anterior and 
posterior deep concavities the persistent gelatinous remdns of the notochord; 
dthough the rest of the drenmference of such centrums were anchylosed 
to the oorticd or peripheral parts devdoped firom the capsule of the noto- 
. chord, vis. to the continuous expanded ]Mte of bone (ee) below, to the para- 
pophyses laterslly, and to the nenrqMyphyses above. The body of the first 
vertebra, or atlas (ea), presented the exertion of being quite detached from 
Its elevated parapophyses, as wdl as from its neural areh s it was anchylosed 
only to the bony plate bdow. The body of the second vertebra was nx times 
aa long as that of the atlas : yet the apices of the two deep termind idly- 
filled cones extended to and met in its centra. The bodies of the third and 
fourth vertebra were dongated, but less so than that of the axis: the body of 
the fifUi vertebra (e s) was singitlariy modified; ite anterior hdf presenting tho 
long and slender character or the antecedent vertebra ; whilst the posterior 
half was suddenly shortened, but extended in depth and breadth so as to 
adapt its shdlow posterior concavity to that of the short and broad body of 
; the firrt free vertebra of the trunx, which b followed by others of similar 

\ charscter. I have seen few mors remarkable instances of adherence to type^* 

. irrespective of obvious function, than the persistence of the biconcave artl- 

eular cavities, with the elastic cqmiles and contained fiuid, in the eentruma 
of these five rigidly fixed anterior vertebra of the siluroid fish. 

The oontinnous bony plate supporting those centrums was perforated 
lengthwise by the aorta, offering another mode of formation of a hamd cand 
(e A), via. by exogenous ossification in and from the lower part of the outer layer 
of the capsule m the notochord : the carotid hsmid cand in the necks of 
birds seems to be nmilariy formed ; and the neck of the ichthy osanms derives 
additiond strength and fixation firom apparently detached developments tif 
bone in the lower part of the capsule of the notochord, at the inferior inter- 
space between the oedput and atlas, and at those of two or three succeeding 
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The ao-oOled « body of the ada^ in reoeot MuiriMif» Urd% 
man, it tlie homologua of the fint of thcM ■tthveitebt a i wedge-booei^ and 
repreienti onlv the inferior cortical part of each body. The odontoid pfo- 
ceM of the axis ia the eentral and main part of the body of the atlaa. U 



cannot be the anterior articnlar epiphydi of the ■ecood vertebra, aince lUi 
it represented by a dittinct centre of oatiflcatiott between the odontoid prccem 
and the body of that Tertebra, according to Fkofeiaor Miiller*t obtmalioB 
in a fcetal foal*, and the odontoid eziitt in birda and reptiles in whioh the 
bodice of the vertebra have no terminal epiphvset aa in yonng mammala. 

The diverginff appendasea of the hsnial area in the abdommal veitebrm of 
fiihet present the form of long and tlender spinet (fig. 17t a a), osttally al> 
tached to, or near tiie liead of the riba, and extending upwaras* oatwarda 
and bacfcwardt, between the donal and lateral portions of the mutealar 
segments, to which they afford a firmer fulcrum or basis of attachment ; 
acting, therefore, as so many pairs of rodimental and concealed limba. They 
are termed the * obere rippe' by Meckel, and at the fore-part of the i ' ' 



of the polypterus they are stronger than the pleurapophyaea the m se l vea* 
As the vertebra approach tlie tau these appendagca are often tranaferrad 
gnuiuallv, from the Dleurapophysis to the parapophysis^ or even to the een* 
trum ana nennd aroL 

In the air-breathing vertebrate, in which the heart and breathing ofgana 
are transferred backwards to the trunlL, the corresponding osseous s^ombIs 
of the skeleton are in most instances developed to their tpfuaH. complete- 
ness, in order to encompass and protect those organs. The thoracic haBms|io» 
physes in the crocodiles are partiidlv ossified, and in birds (fig. 15, A, A) cobs» 
pletely so; in which class the hamafspincsof the thorax (itf)coalesce togedber» 
become much expanded latersllv, and usually develope a mecUan creal dowB- 
wards to increase the surface or attachment for the great musdes of fil^bt; 
This speciality is indicated bv the name "sternum* applied to the oonfiueal 
dementi in question. The abdominal hamapophyses and aplnee retain their 
primitive aponeurotic condition, though still preserving their charaeterietie 
expansion f. In the crocodiles and enmiosaurs the abdominal hamapophyeea 
are also ossified ; and, in the latter,they manifest the same co mp osite charmctar 
which has been noticed in the pleurapophyses of the stuigeon, eondsting of 



three or more pieces, which overlap eadi other). The abdominal 
spinee, hi the /^MoiKMnit H amiM t sit, are transveiidv extended* thej are 
marked a, e ia the fisure quoted bdow : the compound hamapophyses then* 



The ^rpicd thoradc vertebra of birds support divetging appendi^ea (fig. 
15, m^ a/, either anchyloscd as in most, or articulated as in the p— g"fa> aad 
i^ryx, to the posterior border of the pleurapophysis {jpify. The functioB of 
the appendagca m this form of typiod vertebra Isto oonnect one hsnal areh 



with the next in succession, so as to associate the two In action^ and to givB 
fimuMM and strength to the whole thoradc cage. (A poHioo of the maX 



rib so overlapped » shown at bJ^ i^ fig. 15.) 

MHth regaid to the connections of the pteurapophyses^ we havB eecB that, 
ia fishes, they may be directly attached to the centrufls, or to the eadk of the 
parapophyses (fig. 17»p)»or they nay bo quite de ta ch e d from thdr pmcr ecf* 
menv and suspeDded to the hssmd arch of aBother vertdwa, aa Ib &e ease 
of the clavicle (fig. 85, n*). In batrachjans, ophidiaas, aad laceftiaaa, the 
prodad cad of the pleurapophysis la simple^ as ia ishaib hot la afftteulBled 
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to an esogenous tnberde or traiuTem prooeit ftom the aide of tho eenthim 



or from the boaeof the neanl arch, called ' diapophyaiay' which ia a diadoot 
part from the autogenooa parapoph jaea in flanca. The anterior vertebrm 
of crocodflca hare an ezogenoua inferior tranaTone procem from the aide of 
the eentnim, anawering to the ' parapoph jaia»' aa wdl aa a anperior tranaTerm 
prooaaa or 'diapophjna* doTdoped rrom the baae of the neorapophyaia : and 
the proximal end of the pleurapophyaia biforeatea and artieulatea with both 
tranaTerw proeeaaeay ctroamacribiog with them a foramen at the aide of the 
centrum. A aimilar atruetare obtaina in the cenrical and anterior thorade 
vertebrm of birda and mammala: thua the rib (pi) in fig. 15 articnlatea with the 
parasophyaia p and the diapophyaia d. Very few, however, of the thoradc 
riba m the cetaceana offer thiaatnictura ; the mat or aeoood rib may reach the 
centram, but the reat are wpended to the enda of the long diapophyaea^ and 
a character of affinity to the aanriana ia thua manifeated. The oerrical r^ 
gion ia diatinguiahed by the ahortneaa of the pleurapophyiea and the abaen 
of bony haemapophyaea, in aaoriana, birda, and mammala; but in the warm^ 
blooded daaaea the abort floating rertebral riba aoon anchyloae to the diapo- 
phyaea and parapophyaeib and oonatitute thereby the * anterior roota of the 
perforated tranareiae prooeaa' of anthropotomT*. The cenrical pleurapo- 
phyaea are indicated diagrammatieally at ^ in tlie neck of the embryo akd»- 
ton (fig. 25) ; thoae of the aeventh cervical Tertebra aometimea attain in the 
human aubject proportiotta which acquire for them the name of * riba.* The 
pleurapophyaea retain their moveable articulation in the ninth, and aometimea 
the eighth, vertebrm of the elongated neck of the Uuree-toed dothaf. 

The thoracic or doraalTertebrm of mammalia are characterized by tlie freear- 
ticulationa of the pleurapophyaea (fig. 25, pi) : moat of theae are much ehm- 
gated, and moat, if not alt, anpport luemapopnyaea (ib, k) ; which, in a sreater 
or leaa number of the anterior vertebrsB, articulate with haemal apinca (ib. Jlt), 
completing the aroh ; theae apinea commonly remain diatinet, and are called, 
aome 'aternebera,' othera 'manubrium,' and * xiphoid appendage,' and to> 
gether they conatitute the 'aternum.' In moat mammala the thoracic hnm* 
niophyaea are cartilaginoua : they become oaaified in Da^puit Myrmeoophaga^ 
toe megatherioida and monotremea. The hinder pleurapophyaea, which pro- 
sremtvdy diminiah in length, alao^ uanalhr become aimply auapended to the 
dimphyaea; all the riba are ao attached in Bdama umgimanat according 
to RudolphL The lumbar Tertebraa, which in aome mammab ahow, in the 
fcetal atatcb diatinet rudimenta of pleumpophyaaa more minute than thoae 
in the neck, have them aoon anchyloaed to the extremitiea of the diapo- 
phyaea, whidi are thua dongated ; and the vertebm ia diaracterixed in anthro* 
potomy aa ' having no riba, but aimple imperforate tranaverae proceaaea.' The 
uamapophyaea of theae aegmenta of the akdeton are repreaented by the 
* inaeriptionea tendinem* (fig. 25» V) ; thev do not advance even to the atate 
of cartilage^ but retain the primitive condition whidi they preaented in the 
correqwnding part of the trunk la fiahea. 

If a veitema aucceeding the lumbar or abdomind onea have ita hmmd 
areh completed, aa in the thorax, by pleurapophyaaa and haemapophyaea, 
with diverging appendagea, forming the * pdvic arch and hind or lower 
Hmba (fig. 88, d', h, a),' it ia cdled a 'aacrum'. If two or mon vertebna 
anchyloae together, without auch completion of the typicd character, thej 
likeinae are aald to form a ' aacrum,' of which aa example may be found in 
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Summarif €f modifieaiimu ffeorpond vertebrm.^~To Mm op the kind And 
degree of modificetioD to which the seTeral elemente of the primary tegments 
of the eodoftkeletoD of the trunk are Botgcct» without masking their pneral 
homology, we may commence with the eaUmm; and fint» as to ita exietenee 
It ia wanting^ ae an oasiiled part, in the atlat of the wombat and koala*, in 
which it remains permanently eartilaginons : in the petaurists, kangaroos, 
and potoroos, owifieation extends from the bases of the neurapophTses into 
this cartilagei but the neursl arch or ring lone remains interrupted by a me- 
dian ibsore below. In man the rudimental body of the atlas is sometimes 
omfied from two or even three distinct centres t* The centrums at the oppo- 
site eztremi^ of the vertebral column in homocereal fishes are rendered by 
centripetal shortening and bony confluence fewer in number than the pei^ 
sistent neural and hiemal arches of that part. The oentrums do not pass 
beyond the primitive stage of the notochord in the existing le|ndosiren, and 
they retained the like rudimental state in everr fish whose remains have been 
found in strata earlier than the permian sna in Geology, though the number 
of vertebrm is frequentlv indicated in Devonian and Silurian ichthyoiites by 
the fossilised near- and tem-apophyses and their spines {• The individually 
of the centrums is sometimes lost by their mutual coalescence without short- 



eaino. 
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Ithough the normal form of the centrum is eyluidrical, it may be cubical, 
conical, hourglass shaped, like a longitudinal bar, like a transverse bar, like 
a depreised or a compressed plate^ like a ploughshare, &e. The co-adapted 
« terminal surfiues of the centrum may be fiat, slightly concave^ deeply con- 
cave^ cupped or bonieal, concave vertically and convex transversely at one 
end and the reverw at the other end( ; or the fore-end may be concave and 
the hind-end convex B ; or the reverM^ ; or bo^ ends may be convex**; 
or both ends produced into long pointed proc es s es with intervening deep fis- 
sures, so as to interlock together by a deeply dentated sutural snrfaeett* 

The centrum may be quite detadied from its neural arch (atlas of siiuroid 
and many fishes), sjid mm its hssmal arch (atlas of most fishes). 

The centrum may 'develope not only parapophyscs but inferior median 
exogenous processes, either single, like those of the cervical vertebra of 
sanrians and ophidians (which in Deirodtm teaber perforate the oesophagus, 
are capped by dentine,aiid serve as teeth}}): or double (atlas of Sudis giffOMii 
and the lower cervical vertebrm of many birds) ; or the fibrous sheath of the 
notochord ma^ develope a continuous plate of booe beneath two or more nuclei 
of centrums, formed by independent ossification in the body of the notochord ; 
these nuclei being partially coherent to the peripheral or cortical plate. The 
vertebral centrum often shows the principle of vegetative repetition by its 
^ ^ partial ossification in the form of two or three bony rings, which answer to a 

sang^ neural arch {Hgdanekuttl) ; or by three osseous discs, one for each 

* Alt. litnepidis, CfdoMdIs of Anstoa^ and FMdIocy, voL IB. p. S77, %• M. 
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OBXBRAI. HOMOLOQT. WXCBAPOPBTSBS. 

■rtienkrniffiM^ aad > thSdtcr iateMwlHiii picwb m i» •H fold 
•ad throa^MMt fife ui toow edaeeiBiw 

With respect to fmietioot die eeatnui Amm die udi of the 
eolmniiy and ooauuoiily the eentnl boad of enioB of the pcriphciel 
of the vertebrm: u e general role it sa|i|Mrt% cither iwiincdietdy or 
the mcdion of the appraiiaHiled or eoqoiDed betci f»f the Bcanp ^ 
the neianl ezb (in the trunk ceUcd mydoap or epinel merrov* and iti 
brencs) ; the tcmiinal eentmae being aiiiallj deprired f»f thic fenctioB by 
the withdrawal of thalaziifroaithcminthecoaneofiteeentr^wlaler 
centrative norcmcnt. 

The mmrapopkff9U are mora coeitant as oucoim or k _ 
of the vcrtcbne than the eentnuBi; bot they are ■bccnt, ander both 
gical conditional at the end of the tail in flMMt air4Mcathiag veitcbffalei^ where 
the t^gmcntB are rediieed to their central dcflieiita. The 
their primitive IndiTidoality by variona kiadt and dcgreea of 
c.^. fint, of the bases of eadi pair with their anppofftingcentnui; 
of the apices of eadi pair with one another and with £b neoral spineb — tlie 
lepidosiren affording a rare exception of tlie penistent iadindaali^ of tfdi 
dement and of eadi nearapophyds throi^ghout the trank ; thirdilyt of two \ I 



\ 



or more nenrd arches with one another* as in the neck of I , 

and anoadinos* and in the saeram of birds and mammaiss where they also ^ 

often coalesce with the pleorapophysesy as they do in tiw neck of aMMt aMH»- 
mak and birds. The neorapophyses tardy dqmrt from the form of pbteib 
either broad or high^ or both ; sometinies they are stsawht^ somftjawa ardied^ 

\ bent; sometimes by the inward eatensioo or thdr b mes ^ they form i 



I 



sometimes bent; sometimes bT the inward estensioo orthdr b mes ^ they form 
together a bonjr ring abore the centraos, exdading both that and the spina 
from the nearal canaL The nearapophyses may derdopc^ as exogeaoas pnN 



The nearapophrses may derdopc^ as c 
lygapopbyseib <u>m1 the latter i 



I 



ccs s et, dther diapophysct <ir 

donUe from both the anterior and poiienor bordera of the plates; as e.#. ia 

the vertebrm of Jfa^in somesefpents»andia tibelnmbar Tertdnmof 

mammals. Theobaenredextentof TariatioBof positioaof thai 

Is from the upper snrface of their own centram to above the next 

space, so as to rest equally on two centrams; or they nay be aplilWd bodi^ , 

from thdr centrum, and wedced or suspended between the two eoateaoaa 

neurd arches, as c. ^. in the aOas of ephippna and other dccp-bpAed fldieai 

Excoit in the cartHaginoos ueurapophTses f»f the sturgeoob lam not aware 
of any instance of the subdividon of this demeat into two pieceib placed 
vertically upon each other. Some plagiostoaies show the prindpleof wgitatlfa 
repetition in two or three star-like centres of oasificationpdde by sids^ hi the 
primitiTc basis of the neunpophysii, but the second of the two cartf 
plates on each side of the neural canal, coextensire with the dnde < 



» most sharks, which second piece has the form of a wedge with tiw samil 
end directed down over the intervertdad qiaee^ seems to answer, as PraC 
Miiller has suggested, to the intercalarr or intemeurd piece in beay ithsfc 

The most constant functiood rdatioa of the nenrapophyab k to protect 
the spind nerve in iti edt from the spind canal, either by a direct pcrlbre* 



tion of the neurapophyfis (many fishes, and some mammalsX by u notch ia 



the margin, or l^ the uterqpaee between two neurapophyaesp 
done is performed, in reference to the nervooa system, at the postsdor pail 
of the vertebrd column in manv animals, where the place of the shorteaed 
myelon is occupied by the lengthened roots of the nerves : in the rest of the 
trunk the neurapophvses protect also the aeuid axis. The oiigind idatioa 
of each Beurap<mhysis to the segments of that axis hi deterndned by the pbee 
of connection of the perfbrsting nerve with the shortened mydoa* 
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The mural ^'ne eommonlj retains in the trank tiM fomi indicated bj its 
name ; but in tlie atlas of Uie crooodile, wliera it k distinct from the neur- 
apophyses, it is a depressed plate. In the thorax and abdomen of chelonians 
it becomes still more expanded and flattened, and its liofdeni nnite bj dentated 
satnrs to contigQoas spines and to the similariy expanded pleurapophyses. 
The neural spine is absent in the thin annular cenricals of the moles H is 
nnnsually devdoped and forms a thick square colomnar mass of bone in the 
cenricals of the opossum. It is double in the anterior Tertebns of some 
fishes: in the barbel one stands before the other; in the tetrodon they 
stand side by side : and various other minor modifications of tlus peripheral 
dement might be dted. 

The jpo f ^pqpjfcyses of the trunk-Tcrtebra manifest their autogenous chap 
racter in fishes alone; and in most species the character is soon lost, the par- 
apophyses becoming confluent with tne centrum ; and, in the tail, either with 
the pleurapophyses also, or with each other and the bsemal sfrine, thus comple- 



ting tlie hmmal cand (fig. 16). Amongst air-breathing vertebrates the pa^ 

only in thoae i 
I is cCmph 
they are exogenous and confined to thecervical and anterior thoracic vertebrv. 



ap^hyses of the tmnx-segments are present only in thoae spedes in which 
the aq>tum of the heart's ventrides is complete and imperforate, and here 



or to the sacrum (as in the ostridi, figs. 15 and 87»pV The parapophyses are 
subiect to a certain extent of variation as to fom : they are either mere 
tnberdes; or simple, shorter or longer, transverse processes ; or thev may take 
the form of long plicated laminss (in the tails of some pleuronectidm): they 
are longer and broader than the pleurapophyses in the cod-tribe ; and are 
sometimes much expanded in the anterior vertebrs of fishes, where they 
ascend in position, and in the siluroid spedes above described, coalesce to 
form a broad outstanding ridge, directed outwards and a little upwards, and 
rismgas they improach the cranium, where they are joined by dose suture to 
theparoedpitalB. 

The normal function of the parapophyses is to give attachment to mnsdes 
and articulation to ribs, and, occasiondfy, additional strength and fixation to 
anchylosed portions of the vertebral column. As a rare and exceptional in- 
stance, the expanded and excavated parapophyses of the second and third 
vertebrm in the gains CMtu perform an office dosdv andogous to one of 
those of the mastoid in man, since they inclose dr-cdls brought into com* 
munleation with the acoustic labyrinth by a chain of small osdcMs : and these 
singulariy modified rudiments of Uie swim- bladder seem to have no other fonc- 
tion in the grovding loaches than that in connection with the sense of hetfing. 

The flammepfyteM are less constant elements than the neurapophyses ; 
thej exist as frse appendages or * fioating vertebral ribs* in the trunk, and 
sometimes at the forenpart of the tail, in fishes, serpent^ and certdn batrap 
ehians(fig.88|/iA. Ilie atlas has iti pleurapophyses in most fishes, but they 
are often detached from their centrum, and sometunea joined to long bony 
hsemapophyses, as b wdl-seen in tlie Argyreionu^ and other deep-bodied 
scomberddk Ossified hmmapophyaes are not present in any other vertebrm 
of the trunk in fii^hesu In batrachians the pleurapophyses of the dngle pdvic 
vertebra are similariy connected with hmmapophyses, and the oostd arch is 
there completed. In the menopome, the pleurapophysid dement of the sacrum, 
jft. pPf is osufied from two centrrs. Such typiesl vertebrm are more common 
in the higher alMireathing elssses . Here the plenrspophyses have generdly 
the long and slender form understood by the word * rib ; but they expand into 
broad plates in the thorax of the apteryx, in the anterior thoracic vertebra of 
whales, and more especially in the carapace of chdonians, where they are 
I jdned to eadi other by suture^ and also to the expanded.neuni spines. These 
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broad plevrmpophysn are ooeanonallj onified ftom two eentica in tlic peat 
land-tortoiaei or India and the Galapagos ides. The free eztrenitica of the 
short cenrieal pleurapoph jses of crocodiles and plesioaanrB are expanded and 
produced fonrards and backwards, like axe-biadei» whence the name nC 

* hatchet-bones,' applied to them prior to the recqgnitioa of their trao homo- 
loflr. 

The plenrapophyaes are appended somcdmes simply to the ends of par* 
apophyses ; sometimes to the ends of diapophyses; sometimes by n head and 
tuberde to both kinds of transverse processes; sometimes direotly to the 
side of the centrum; and sometimes they are shifted backwards over the in* 
tenrertebnl space, and are articulated equally to two centrums {luiman 
thorax), and sometimes to two centrum^ to a nenrapophyais and to a long 
diapophysis, as in the sacrum of the ostrich (fig. 87» pi% In the adaa d 
some fishes the pleurapophysis is detached from its Ctfttrum, and is aospended* 
with its hsBmapophpis, from the antrcedent lisemal arch (scapolo-eoraooid). 
In some stuigeons the abdominal pleurapophyses are composed of two or 
more cartilaginous pieces. I have observed some of the expanded fdrarapo- 
physes in the great TeOudo eltpkantcpus ossified from two eentres, and the 
resulting divisions continuing distinct bnt united by suture^ llie pdvie 

eeurapophyus is in two fneces, as a general rule (fig. 88| pP attached to 
^) ; and the lower fncoe b the scat of that most common and simide kind 
of modification, viz. increase of size with change of form from the cyfindrieai 
to a fiat bone (as indicated by the dotted line in fig. 87)» whereby it ooums 
into connection with the pleurapophyses of other vertebrm besides the praxl- 
mal piece of its own; such pleurapophyses having their development stunted 
so as not to exceed in size the nroximal portion of the pelvic jneuimpophysi^ 
whose expanded distal portion (ss) receives the special name of * ilinm.' Thk 
bone retains iti rib-like shape however in the cheiooiani^ as in the batrachianss 
in most species it unites below with two hmmafjophTsesb called, on aoeonnt 
of their modifications of form and proportions, 'isehrom ' and * pubia.' The 
pleurapophyses defend the hssmal or visceral cavity ; they are the fulcm of 
the moving powers which expand and contract such cavity in reMiifation» 
when iti walls admit of those movementi ; thej frequently support < ^veiginf 
appendages,' and give origin to muscles moving such appendaga^ or acting 
upon the vertebru column. In some exceptional cases the ^euimponhyaea 
become, themselves, locomotive oigans» as in serpents and the Ihaeo eoiffna 

Hie k€iiug9egd^f9e$9 as osseous dements of a vertebra, ara lew constant than 
the pleurapophyses ; although they sometimes exist in s^mentSi «• ^. tho 
lumbar vertebras of certain saurians, and in the case of tiw ischium, or second 
pdvic hsemapophysis, in which the c or responding pleunmophyses aro absent^ 
or sbMt, or anchylosed to the transverse processes. The only trae .bony 
hmmapophyses in the trank of fishes appear to be those of the atlas^ fornd^f 
the lower piece of the epicoracoid ; and of the lastf?) abdominal vertebra, 
forming the ischial or pubic inverted arch supporting the appendages opIM 

* venteal fins.' It Is at least to the hwt abdomuml vertebra aohdy that the 
homologous arch and appendages aro connected, by the medinm of tho 
pleurapophyses (iliac bones) in the batrachians, and it needs bnt tho removal 
of the pieunpophysis, or of its second complementary portion (pf in $§, 
S8), to reduce that vertebral segment to the condition which It presenta in •■ 
abdominal fish. The so liberated inferior (hsBmapophysial) portico of tho 
pdvic (last abdominal costal) arch Is suljecl, in fidMs, tochangea of podtlon 
far more extensive than have been observed in the neurapophyaca or pfenr* 
apophyses of the trunk-vertebrm, without hoyever preventing the rseogn l tion 
of the segment to which such shifted hsnnapophyses actually and « " " 
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bdoog. Tbc h owwlflgogi tenal ai^ escntt in the now free and dctaelwd 
J cooditioQ » ecteceuM and eoelioMisn ; bat in all other air-breathing vcrte* 

bratet it ia oooneeted with the iliac booca and eorapletet the ^rpical character 
of the proper sacndvcrtdmL ThebooyhflnnapcmhjteaoftheionibarTertebni 
are fonnd suspended in the fleihj abdominal walk of certain sanriana : but in 
the region of the thovaz in these and higher Tertebratcs, the hannapophyiiB 
(fig 15» k) aiticnlales hj one end to the plenrapophyais (pi) and br the 
other to the h«nal nine (ttmal bone, Jlt) : or its lower end it attached to a 
coodgnooa hannapo|Mivais ; or it is suspended freely from the pleurapophjsea 
(as in the * floating riba * of man and mammals), or it maj fac joined below 
to the stemnm, and have its npper end free, as In the seventh d«mal vertebm 
of the Gamim Argtdtu When the npper end of the hsemapophysls aiticniatea 
I with the plear^iophyns in birds^ it (a iiffoally by a distinct condyloid joint, 

I with smooth aitieolar cartihge and a synovial eapanle. 

I ; Where hgmapophyses exist in the tail, they articnlate directly to the 

I \ under part of the centmm, or to two centmms at the intervertebral space ; 

I and are eilher free at the opposite end, as in some caudal vertebrm <» ser- 

pents and in tboae of the enatiosaurs, or they are confluent with each other 
at their distal ends; when each pair of hnmiqiophyses forma the so-odled 
I J V-shaped or chevron-bone. The changes of position of that detached * puble 

arch ' or ' chevron-bone ' which supports the ventral flns in flshes aflbrdcd 
Liuueus the characters of the ordera * Abdominales,' *Thoracici,' and 
*Jogularea' in the * Systema Natunn '; and iu immortal author, in giving the 
name * Apodes* to those fishes iu which the ventral flns wera alMent, con- 
cisely indicates his perception of their relation to the hind-legs of batrachia 
and the lower limbs of man. If, then, mera change of rnative position, 
however extensive, failed to conceal the special homol^ of the detached por> 
tion of the pdvic arch and its appendages from the keen-eighted naturdisi, 
stiD IcM ought such a character to bund the philosophic anatomist to the 




condition of the pelvic arch in the perennibranchiate reptilca (tg^ 9&\ 

The function of the haemapophyses is to complete, with or wiUioot a bseoMl 
spine, the haemal arch of the vertebral segment ; and, in to far to protect the 
hmmal or visceral cavities and support their contents. They give attachment 
to the lower or Tentral portions of the primary muscular segments * myo- 
oommata'*, called * intercostals* in the thorax, and * recti abdominii' in the 
abdomen of the higher vertebrate; and they thus serve as fulcra to the 
muscles that expand and contract the abdominal or thoracio-abdominal cavity x 
and Bometimes more directiy aid in these movements by the elasticity resulting 
from an arrest in their histological development at the cartilaginous stage, c.^. 
in the thorax of most mammals. HsBmapophytcs may support or aid in anp- 
porting diverging appendages; and in giving attachment to the musclea of 
those tappendagea. The hmmapophyses are usually slender, simple boncs^ 
varying in length : they are broad, flat, and overlap each other in the thorax 
of monotremet : they become broader and shorter in the expanded and flxcd 
thondc abdominal bony case of chelonians, and are still broader where they 
doae the pe^lvic areh In the pletiosaart. In the abdominal regioo of thete ex- 
tinct saurians and in crocodiles, the freely suspended hmmapophyses are com- 
pounded of two or more overlapping bony pieces. 

* Scethedcieriptioaaftbcw t cg i csti , anMJIycoafp— Jed— dcr the aims cf ths *fttat 
Itienl matde' or * WiiitaJiMl aunckt' la fiahct^^Hoatcrita Lcetvct oaVtrtehnia, 8t% 
pp.li9-lMb 
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The kamaiipini it nittch 1cm eomUDt as to Its exifteiicCb and it tnl^lMt 
to a much greater range of nuietj, when mcienty than it tit vertioal ' 
tjpe above, which oompletct the neural arch. Long, tleoder, and * t| 
in the tail, the hsBuial mne it reduced to a thort and thick bonc^ oftoa 
flattened, in the thorax of manunalt, a teriet of thirteen tnch modified tpinea 
forming the to-called 'ttemum' in the two-toed tloth: the thoracic hmmal 
tpinet are few in number, and are expanded and perforated in the whalcat 
the horizontal extension of thit vertebral cieroent it sometimes accompanied 
by a median division, or in other words, it b ossified from two lateral centrea ; 



this is seen in the development of parts of the human sternum s the same vcg^ 
tative character is constant in the broader thoracic hemal spines of birds ; 
though, sometimes, as «. ^. in the struthionidss, ossification extends horn tho 
same lateral centre lengthwise, i. c. forwards and backwards, caldfving the 
connate cartilaginous homologuet of halves of four or five hsnnal tpincsb 
before thete finally coalesce with their fellows at the median line. In mam 
other birds, however, there are two or more lateral centrea, and osualljt 
also, a median one, from which the ossification of the keel extends dowB* 
wards, prior to its confinence with the rest of the * sternum.* In tho thorax 
of chelonians four hssmal spines are established, each by two lateral ceaCm 
of osttfication, forming four pairs of sternal bones with a ninth 'entostemal* 
piece between the first and second pairs. The * plastron ' is the result of 
this extreme development of the haemal spinet : — the modified mdetiea of 
which, remaining permanently distinct and united by suture^ have received 
from GeoffVoy St Hilsire^ the convenient special namea of *epist«naK* 

* hyosternals,' ' h vposternab * and ' xiphistenialj^' respeetivdy» as thcj siie- 
ceed each oUier from before backwards. 

The diverging appendage$ are, as might be expected, of all the elementa 
of the vertebral segment, the least constant in regard to their existence^ and 
the sulgects of the ereslest amount and variety of modification. Simpla 
slender spines or styles in fishes (fig. 17» a a)> simple plates retaining kM^ 
their cartilaginous condition in crocodiles, short flat slightly curved picoea is 
birds (fig. 15, a a), in some of the lowest species of which, e. g. Apiewdgk$, 
they bca>me expanded, like their homologues in the crocodile s such* with 
one exception, b the range of the variety of form to which these parts aro 
tubject in the tegmentt of the trunk. But that exceptiott b a remarkaMa 
one : even under itt normal ichthyio condition, at a simple style or filamco^ 
the diverging appendage of the insulated haemapophysial portion of thepelvie 
arch in the protopterus-tand lepidosiren^ b composed of many osrtilapDooa 
segments, and projects freely from the surface^ carrying with it a aaaoolh 
covering of integument. In other fishes similar filaments or jointed raya aro 
progressively added to the sustaining arch, which cause a pr ogr esri ve cxpas- 
sion of the common investing fold of skin, forming the organ called tho 

* ventral fin,* which b accordingly described by the fohthyologist at having 
two rays {Biemrims), three rays (Zotuneu), up to mora thantwen^ nj9, (m 
Adpauet in the sturgeons). 

When we quit the piscine datt we find the diverging appendage of tho pel» 

* Dv Stamvm contiderte dsat let (Mmssk st dsat bs Pdwoes. Assleads FhBssa* 
pbSqM,p.G9.pLS,fir.21. Here GeoAnov costeadi thst ths ssrto of ths hrcid ash M, 
40 and 43) an tbc horndtoaiieigf themodttsdhaeMd ipiacswMAhscslbspiitwusK hl^* 
McnMltSBdhyptwtcraabbthepbttmiorthctwtbi hi tbwsiwmft s»sy wiflhsietriarf, 
thst of'hyMCcnal'bciiig medb is ■iliHiiiij ■iinif iiilliiiid nfiiiiiri In tlii kjiinllHdi 
which int MgicMsd it " " 

t LbikTVHM.foLz^rfiLpl.28,if.4,s. LMtwm su Vsrttbsts, f. Tfb igk t7. Mb 
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vie arch retonUDg iti primitive unitj, and with fewer Jointe than in lepidodreOt 
bat niaDife»ting the prindple of vegetative repetition by a bifnreation of tlia 
distal iMinenta. Such ii its form in the /VoUntfoii^iitmtf and in the Ampki* 
uma didae^um : in another fpecies of amphinroe^ the radiated type it more 
stronffiy marked bv the subdivision of the last segment into three rays, tiie 
houKMOgy of which with certain of the five terminal rays, called toea or 
digits in the human foot, is signified by Cuvier^s specific name ' tridactytum* 
applied to. this species ; the middle segment of the appendage is bifid, the 
first one Is undivided. In the menopome (fig. S8), the proximal segment 
(st) is likewise single, the second segment (ss, s?) double, and a mass of carti- 
lage (ss) separates this from the last segment which brandies into five jointed 
rays (ss). In tiie frog two styliform bones are developed in the position of 
the carnlage (ss in fig. S7), forming a fourth segment of the division : they 
are replaced by more numerous and shorter bones in higher vertebrates, in 
which it will lie unnecessary to pursue the metamorphoses of the appendage 
as it is aihqpted for swimming, steering, balancing and andioring, for ezplora* 
tion, for burrowing, creeping^ walking and running, for leaping, scidng, 
climbing, or sustaining erect the entire frame of the animaL Its |Mrts under 
these endless and extreme modifications have necessarily received special 
names : the first segment (ss) b the thigli,,/fantcr ; the second Is the leg^ and 
its two rays or bones are called Hbia (ss) zxk^JIMa (sr) : the segment (ss) 
is called ankle or tersait, each of its component ossidea having its proper 
name ; and the last radiated segment (ss) Indndes the metatarsus and phi^ 
lanses : the segments ss and ss are termed coDectivdy, the foot, /Mt*« 

The primitive function of the simple diverging appendages (fig. 17» a, a) 
of the abdominal vertebrm in fishes is dosdy andogous to that of the more 
devdoped iqrpendage of the pdvic vertebra, viz. to dd in locomotion, as 
fulcra to the muscles concerned in tint act In crocodiles and birds diey 
serve to connect one costd areh with the next arch in succesdon, associating 
them in action or giving fixity and strength to the whole thorado cage. 

Any given appendage might, however, have been the seat of such iwvdop- 
)' moots as convert that of the pdvic ar^ into a locomotive limb : and the true 

{ indght into the generd homology of limbs leads ns to recognise manv poten- 

tial pdrs in the typicd endo-skdeton. The possible and concdvable modi- 
fications of the vertebrate archetype are far from having been exhausted in 
the forms that have hitherto been recognised, from the primsBvd fishes of 
thepal«osoic ocean of this planet up to the p resent time. 

Tlie beneficent Author of dl, who has created other revolving orbs, with 
rdadons to the oentrd source of heat and light like our own, may have willed 
that these also should be the seat of sentient beings, suited to all the oonctt- 
tions of animd enjoyment existing in such planets ; basking, perhaps, in the 
solar beams bv day, or disporting in the soft reflected light of thdr earth's 
satellites by n^ht The eyes of such creatures, the laws of li^ht bdng the 
same, would doubtless be organized on the same dioptric principles as ours; 
and, if the vertebrd cdnmn should there, as here^ have been adopted as the 
basis of tlie higher animd forms, it mav be subject to modifications issuing 
in forms such as this planet has never witnemed, and whidi can only be con- 
odved by him who has penetrated the mystery of the vertebrate airehetype, 
and recMiised the kind and mode and extent of its modifications here. 

It is, for example, by no means essentid to that organic type that hshould 
be "tetrapodd' : although it best accords with the force of attraction sod other 

* A rcBisiUhIc sismpls of the cztcat Is wUch sn eailj or low fime sf soch iwmssl 
nsj be regsiaed bv shBonDd derdopncal i& a highsr ipoBiei ii dvoi byKarikAda, 
OpcfBOBdMt^l717,^M,tsb.vifi. "^ 
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conditloDt of our globe, thai not more than two pairs of the latent limba or 
appendage* of the vertebial segmenta ibonld be developed to icaety aa loeo- 
motiTe iniitraments, upon its waters, its atmosphere and its dry laad. 

The views of the essential relations of such limbs to the Tertebnte ^jrpt 
which suggest these and similar reflections, may not be accepted IvaH uiilo* 
mists : some may be disposed to regard the parts ss and s« m flg* 88 aapeeo- 
liar superadditions, rather than a reappearanee of normal elements completinf 
the costal or hsemal arch of a segment of the endo-skeleton and restoring tt 
to its typical condition : and, m the same spirit, they may deny the spedal 
homology of the radiated appendage A, with the hinder filamentoos fla of 
the lepidosiren, and the ventral fins of otfier fislies, and eonsequently« wiU r^ 
pudiate its general homology as the diverging appendage of andi hmmal 
arch, and its serial homology with the simple diveraing appendages of tha 
thoracic-abdominal vertebras of fishes, crooodika and birda. 

I am sensible how large a demand is made on the most philosophic fiutk In 
general laws of organization, by seeking acquiescence in the view of the parta 
of the hind-limb, so variously and definitely modified for special lunctioQSbaa 
being the homologuea of segments and rays, which are the result in the fint 
instance of the common courM of vegetative repetition of a ringle veitebnl 
element— an element under all circumstances compounded tdedogioallyy aMJ^ 
therefore, essentially representing or equivalent to one bone. 

But here I must explain what I mean by ' teleologiod composition.' ladi- 
vidual parts of a akdeton,— what are commonly called * boneib*— am ftw» 
Guently * compound ' or composed of the coalescence of several primarily 
distinct osseous pieces. In human anatomv every single and distinot BSMi 
of osseous matter entering into the composition of the adult skeleton la oaDed 
* a bone* ; and Soemmerring, who includes the thirty-two teeth in his enmnarB* 
don, reckons up from 259 to 264 such bonea. He counts the oa sphaBO 
occipitale as a single bone, and also regards, with previooa anthropotoniiti^ 
the OS temporis, the oa sacrum, and the os Innonunatum, aa individual boBcat 
the sternum, he says, may indnde two or three bones^ Ae*. But in birds 
the OS occipitale is not only anchylosed to the rohenokl, but they both vcfj 
soon coalesce with the parietab and frontals ; am^ in short* the entire cnmiaB 
proper consists, according to the above di^nition» of a sin^ bona. B1b» 
menbach, however, applying the human standard, describea it as eoapoaad 
of the proper bones of the cranium consolidated, as it were^ into a sindo 
piece t* And in the same spirit moat modem anthropotoadst% influenoad by 
the comparatively late period at whidi the sphenoid becomes aDcbvlosod to 
the occipital in man, regard them as two essentially distinct booes. In dteot- 
ing our survey downwards in the mammalian sosle^ we speedily meet with 
examples of persistent divisions of bones which are sin|^ in muu Tiraa il 
is rare to find the basiocdpital confiuent with the baaisphenoid in mamBi 
lian quadrupeds ; and before we quit that class we meet with adults In i 



of the marsupial and monotrematona species, for example, in which the anwBi 
occipital, * pui occipitalis propria sic dicta,' of Soenuncning^ h distiaet mNB 

' I the basilar or cuneiform procesa of the 



the condyloid parts, and these from i 
oa occipitis: in short, the single occipital bone in man ia four bonea fai the 
opossum or echidna ; and just as the human ctanial bones lose their indivU 
duality in the bird, so do those of the marBomalloee their individvali^lB the 
ordinary mammalian and human skolL In flnay mammala wa Bad the 
pterygoid processes of anthropotomy permanently distinct bones | tvai In 

• Ds Cotpofli Haasd Wbriei, t. L p. Iw 

t If ansf of CompmtiTV AasiOBy.V UmnuBt, •«. Ii27, fw Mb 
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blrdf, mhert tbc progfMi of oMiflc eoBflacnet it lo general and n^rfd, tki 
I , pterygoidfl and tjm|MDiei» wUch are mbordiDate pro ccta of other booca is 

man, are always indepeiMleBk bonea. 
\ I In many mammalu, the ftyloid, the auditory, the peCroo% and the mailoid 

procenet mnain disdnet from the sqnamovt frbte of the temponl* throogh- 
ont life ; and Mme of thcte daim the more to be regarded aa diilinet boocav 
rince they obTioaily belong to different natural groopa of bonca In the skdeton ; 
aa the styloid proeess, for example^ to the series of bones forming the hyoi- 
deanarn. 

The artificial character of the anthropotomical Yiew of the oa ncnuny in 
which that more or less confluent congeries of modified neural arehea Is 
counted as a single component bone of the skdeton* Is suflkiently obrioos. 
The OS innominatnm is rep re se nted throughout life In most reptiles by three 
distinct bonrsy answering to the iliac, ischial, and pubic portions In anthro* 
potomy. The sternum in most quadrupeds consists of one more bone than 
the number of pain of ribs which join it ; thus it indudcs as many aa thirteen 
distinct bonra in the Braefyput Adad^lm. 

The arbitrary character of the definition of abone* aa 'any sbgle piece of 
osseous matter enterinc Into the composition of the adult skdeloo,' the cobh 
plez nature of many m such single booes, and the eescstial individuality of 
some of the proeesees of bone in anthropotomy, are taught by anatomy pro- 
perly so cdlcd, which reveals the true natural groups of bonesiand theniodi- 
fications of these which peculiarly characterise the human subject. 

It will occur to those who have studied human osteoceny, that the parte of 
the single bones of anthropo to my which have been adduced as continuing 
permanendy distinct in lower animals, are originally distinct in the human 
foetus : the occipital bone, for example, is omified from four separate centres; 
the ptery^id proeesMS have distinct centres of ossification ; the styloid, and 
the mastoid processes, and the tympanic ring, are separate parts In the foetus. 
The constituent vertebrB of the sacrum remain longer distinct ; and the iliuBi» 
Ischium, and pubes are stUl later in anchy losing together, to form the ' 



. These and the like correspondences between the points of ossification of 

.1 the human foetal skeleton, and the separate bones of the adult skeletons of 

limals, are prrgnant with Interest, and rank among the most stri- 



inferior animals, are prrgnant with Interest, i 

king illustrations of unity of plan In the vertebrate oiganintioo. 

^nie multiplication of centres from which the msification of an ultimatdy 
single bone often proceeds has especially attracted the attention of the phih^ 
Bopbical anatomists of the present centurv with reference to the right or 
natural determination of the number of the constituent parts of the verte- 
brate skeleton. Geoffhyy St. Hihure, in his memoir on the skull of birds, in 
1807, say% ^ Ayaot imaging de compter autant d*oa qull y a de centres d*oe- 
sifieation distincts, et ayaot easay^ de suite cette manim de faire^ j*ai en 
lieu d'apprfcier U justesse de cette idteV Cuvier adopted and retained 
the same idea to the last. Commenting in the posthumous edition of the 
' Lcf ons d*Aoatomie Compar^t ' on the character of some df the defini- 
tions of single bones in anthropotomy, be, also, condudes that, in order to 
ascertain the true number of bones in eadi species, we must descend to the 
primitive osseous centres aa tiiey are manifested in the fcetus. But according 
to this rule we diould count the humerus aa three bones and the femur aa four 

* ABsdsi ds IfiniTiisi, L s. pw S44. 

t ToiB.l.l8»,p.lfl0. "MiiieesdistiMtiMNiOBtaiUtidrei.clpovBfdrlsvMttUs 
SMBbra dci Of 4t €baqm Cip^ il tet resMutsr ^mg^noL pnmkn aayns osmu Isli 
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boDct, in the hamtB skeleton ; for the oirifioalioo of the thigh-boM begins nt 

, four dbtinei points, one for the thalt, one for the hes4 one for the grsel 

trochanter, and one for the distal condyles : such deference, howerer, to the 




femur b developed from a single centra. 

The rule laid down by the f reneh authorities abore-eiied fails in iU appli- 
cation to the difficult question of the nature and number of bones in a skelclOBB 
because they did not distinguish between those centres of ossification thai 
have homological relations, and those that have only tdcologieal onea ; L «. 
between the separate points of ossification of a human bone which typiiy 
vertebral elements, often permanently distinct bones in the lower animals; and 
the separate points which, without such signification, facilitate the nragrsss 
of osteogeny and have for their obvious finalcaase the weU-being of the grow* 
ing animaL The young lamb or foal, for example^ can stand on its four Hp aa 
soon as it is bom ; it upliib its body from the ground and soon begins to 
run and bound along. The shock to the limM themselves is broken and 
diminished at thb tender age, by the divisions of the long bones^ and bv tha 
interposition of the cushions of cartibge between the diaphyaes and epinhy^ 
ses. And the jar thai might aflbct the pulpy and largely developed bnin of 
the immature mammal, is further diflused and intercepted by the epiphysial 
articular estremities of the bodies of the vertebim* 

We thus readilv discern a final purpose in the distinct eentrcs of < 
tion of the vertebral bodies and the lone bones of the limbs of n_. 
which wouM not apply to the condition of the crawfing reptiles. The 
in these low and slow cdd-blooded anunals does not di 



nutive brain 

such protection against ooncnsdon; neither docs the mode of 1 

in the ouadrupcd reptiles render such concossion likely : thdr limbs sprawl 

outwards and push along the body which commonly sweeps the groondi 

therefore we find no epiphyses at the enda of a distinct shaft in Um long 

bones of saurians and torteiaes. But when the reptile moves hf kapi^ 

then the principle of omifyinc the long bone by distinct centres again pi^ 

vails, and the estremities of tee humeri and femora long remain epiphyaea 

InthefWtg. 

A final purpose is no doubt, also, subserved in most of the separate centnn 
of omification which relate homologically to permanently dwtioct booea ia 
the general vertebrate series ; it has long been recognised in relatloB to fitti- 
litating birth m the human fcetas; but some fiicte will occur to the csto^ 
genist, of which the teledogical exohmation la 1^ no meana obviona. 

One sees not, for example, why the process of the scapula whidi ghrca at* 
nt to the pecteralis minor, the coraco-brachialis, and the short head of 



the biceps should not be developed hw continnons osftification frooi the body 
of the blade^bone, like that which forms the spinous process of tha saaM 
bone. It is a well-known fact, however, that not only in man^ but inall 
flsals, the coraooid process is ossified from a separate centra. In the i 
tremes it is not only autogenous, but hi as large a bone aa in birdaand rq 
in which it continues a distinct bone throughout life. Hen, then* wo 
the homolosical, without a Ideological explanation of the seoarate 
the coracoid process in the ossificiSian of the human blade-Donew 
This distinction in the natara and rdaliona of sock 



sable in the right qiplicattoo of the facte of osteogeny to the 




of the number of essentially distinct bones in I 

All those bones which consist of a oo a lesccBc e' of parte answeriM to di- 
stinct dements of the typicd vertebra ara * hoasdogicany oomponiid/ 
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AH tboie booet which mmteiit liag^ vcrtabnl demente are • tdeolqgt- 
edlj eompottnd,* wbea devdoped from more than ona eentre^ whether raeh 
eentrca saWquentlj ooalesce, or remaiD dioioct, or evea beemne the salgeei 
of individnal adaptiTe modificatjoni^ with qpadal joints miisclc% Ac for pai^ 

In the human skeleton, the davidei* the (thoracic Tcrtdird) ribt, are in- 
■tancei of simple and truly indiiridiid bonca. The oedput, ^henoid, eth- 
moid, tempore], superior maziUa, mandible, hyoid, scapula, the so-called tree 
TCfftebrm, the sacram and coccyx, the steraum, and ossa innominata are 

* homologically ' compound bones. 

The two panetalsare essentiaUy like the frontd and vomer, one'tdedogi- 
ctUy ' compound bone : so, likewise, are the two nasals. And, if the vihw of 
the homology of the jomted filamentary skeleton of the rudimentd Tcntrd 
fin of the lepidosireu wiUi the simple diTcrging appendages of the costd 
arches of the abdomind Tertebns be correct, then is not merdy the mam^ 
malian femur a tdedogicaOy compound bone, but the whole skeleton of the 
hind-limb from the femur to the discd phalanges indusive must be regarded 
as re pr esen ting the essentially single vertebrd dement, here called 'diverging 
appendaget'subdivided according to the law of vegetative lepetitioo of centres; 
which law is progressivdy overniled and masked bv the supervention of the 
higher law of spedd modification and adaptation oi such vegetative subdivi- 
dons to the exigence and habits and wghitrt of Hfe of the spedea. 

In many aniifiab all the parts of the skeleton of the limbs, and in all anU 
mals some of the parts, are nmple bones, in the sense of being devdoped 
from a dogle centre ; but in none can they ddm that essentidly individud 
character which the davides and oaseoos parts of theriba are entitled to^ as 
being primary vertebrd dements. 

To trace the mode and kind and extent of modificatioii of the same de- 
mentary parts of the typicd segment throughout a large naturd series of 
highly organized animds, like the vertebrsta ; and to be thus led to appredata 
how, witMut complele departure from the fundamentd tj^e, the spcMcies are 
adapted to their different oflfices in creation, brings us^ as it were^ into the 
secret counsds that have directed the organidng iorces% and is one of the 
legitimate courses of inquiry by which we may be permitted to gain an in- 
right into the law which has governed the successive IntroductioQ of spedfio 
forms of living bdnjp into tlSs planet 

VertArmcftke JSmtiH^ Since it has been found that the booea of the trank 
maintain throu^ every kind and degree of adaptive modification, whether as 

* thorax,' ' caren ac e ' or 'sacrum,' an arrangement into segments in the con» 
stttotion and relative podtioo of the parts of which the vertebrd type has been 
universally recognised— let us next examine, without bias, and, if possible, 
without reference to or recollection of previous attempts^ in the first instance^ 
whether such type be traceable through the remainii^ anterior part of the 
axis of the cndondLdeton, which, like the thorax and ^vis, has recdved, oq 
account of its degree of coalescence and other modiftcationsk the spedd col* 
leddve term of ' wull ;'— or, whether nature has, in this partof the endo-dco> 
leton, so far departed from the pattera on whidi all the rest is constructed, 
that we cannot, irithout manifest violence to her arrangements, demonstrate 
the segmentd oompodtion ; or refer, without admitting modifications distinct 
in kind as wcfl as degree from those that mark the vertebrd character in the 
trunk, the constitution of such segments to the vertebrd type. 

Takiuff the oonicd skull of an ordinary osseous fish— that of the ood (Hbf^ 
rkma m^orts) for example^ — if we detach the bones which form its hinder 
extremity, or iMse^ and which immediately precede and join the adai, from 

r St epn mum psmsteL**' 
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thoM next in wdwuaoe, we bave Clie circfe» or the 1»m hoiM (i) and avA 
(s, s» «)» represented in figiire 1, ud we alio bring awajywdeokted tiwRvitK 
an inferior or inverted andi with its appcndage^iepreieBted in profileoadiBa 
in fig. 5, 5*-s7 : the arrow indicating tlM eooise of eo n fei ge ace, and its Wad 
the point of union, of tlie two fianaa or cnira» fonniag tha cionng poiai or 
crown of such inverted ardi. 

We have tlitts removed a tq^ment of liie skoIU andwitb aa little or evea 
lesa violence or disturbance to the other boDei,than most have been media 
detaching a siniihur tegment from the thorax or pelvis of a laad-aninnL If 
we compare this cranial segment with the typical vertebra fig* 14^ we l eeog 
nise in tbe single median bone (i* fig. Ijtfae f g jtfmm , by its rdativa pontioa 
and its articultf surface for the atlM, which retains^ mote o ver , the co n c a v * 
form characteristic of the vertebne in tbe piscine dass: in the pair of boDOS 
(f, t)» which articulate with the upper sorfiue of the eentnun, proCaet tha 
rides of the epencephaton, and are perforated by the ' nervi vagi»* we bava tha 
vemrapepkytea I in the ringle mnmetrieal bone (s) which completes tha 
arch, and terminates in a crest for the attachment of the uppermost ordoiMl 
portions of the vertebral muscles oontinued from the trunh, we have tbe jmmtmI 
4ptne : and in the pair of bones (4» 4% wedsed be t w e en this q>bie and tha 
neumpophyses, which give attachment to ue mferior arch of the scgnwot 
(fig. 5t H i), SLod terminate in a free crest or spine for the attachment of tha 
upper and lateral portions of tha vertebral mnsdes, we have tbe/VMs* 
p^jet ; for whose elevated porition we have been prepared by their gradnal 
ascent in the anterior vertebre of the tmnh. The rest of this natural segment 
has ondeigone the same kind of modification as the thoracie vertebra pRaeal 
in higher animals (fig. 15), and which consbte in the great expanrion of tha 
luemal areh, the removal of the hgmapopkftu (fig. 5i as) from tha 4a e utia» 
(ib. i),and the interposition of donsated and deflerted/rfw iray qpJ {y sra(ssbSi)> 
finally, the great inverted arch, so formed, encompasses, snpporte and prot a et a 
the hourt, or centre of the bsemal axis. The demente of this arch are opea 
to two inteipretations according to the type of fiffure 15 : either ss omj be 
pi^ SI, h and St A#; or ss and si maybe adirided (tdeolog^eaDy eoamooad) 
plenrapophvsis, and st an unusually developed bsemapofAysb : and thia latter 
oondurion is more agreeable with the character of tna Teitebrsl scgm e nte of 
the trunk in fishes, in which the haemal nines are absent, tbe hsMnapopbysa^ 
when ossified, long and sometimes joined together at thrir lower ends^ as sbjk 
in the first trunk- vertebra of ilf^^iyrnancseooMr.and the pienrapophysrs soma 
times, as «. ^. in the sturseon, com p os ed of two or more pieeesb set cad ta 
end. The condition of the pleurapophysis of the pdrie arch in tha maao- 
pome (fig. 28, st»/»/), which sustains a radiated appendage (JSb. A) «f tha 
baemal areh of Um ocdpital vertebra, indicates die true ehaiaetar «f tha 
pleurapophysis: and the modifications of this arch in the higher ciassea will 
be found to establish the accuracy of the general bomoloffy of tba 1 
with the bcmapophyMal dement, rinoe the lower extrenmes of m are i 
dly drawn apart and articulated to a hmmal spine^ which \ 
bdow in reptiles and birds (fig. 8^ Ha^ 

Even should there be error in assuming the snbdiririoa of tha 
pbysesand the absence of thehmmd spine^in the partieolar detem 
the constituent dements of the areh in question, yet the alteraaliva ia atHI 
within the recognised limits of the vertebral modificatioas of tha I 




the want of unquestionable proof of the nrecise dements forma no valid ol»* 
jection to ite generd homology as a bsemal veitebrdardi» expanded and moA- 
fied after one or other of the types of those which, in the ttMras of tha ali^ 
breathing vertebrates» encompass and protect the BMea bachwardly placed 
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eentict ofthevaieiilar lyBtem (hcut andlnngt) ; aeeordiDg to which tm^ 
for eiamplei it may be^ther doted below by the meetins of the itenial libe 
I (haemapophyiet) or by the iotenreotioa of a siDgle or divided stenial bone 

* (hnmai tpine). And. furthfr, aince in fishes, at the lowest daas of Tertebrata, 

I the vegeUtiTe chaiacter of i^ietitioa of forms, proportions and compositioB 

in the successive segmento of the akeleton prevails in a greater degree than 
in any of the higher classes, so we may condade thai this hsemd arch pre- 
sents, by its articniation with the epencephalic nenral arch, its normal podtum; 
and that the whole oedpitd vertebra here manifests ito veritable and typical 
I character. 

' As the hcmal arches b the tmnh of fishes commonly support diveiging 

appendages, which project freely outwards and bachwards, but are hidden and 
buried in the muscular masses to which they give attachment, so the ocdpital 
arch, also, commonlv supports its divergins appendages. They are absent 
in Cfynmoihontx and some other MunaUeuB. The appendage Is present In 
the form of a ungle multiarticulate filament in the eel-like protopteros* and 
lepidodrenf ; It is modified by that mode of vegetative repetition which 
rnnlts in adding to the number of similar filaments directly articulated to 
the supporting areh ; and is further complicated by the ezpandon or conflii- 
enoe of the prozimd joints in different degrees as thcj recede from the sup- 
porting arch, so as to constitute definable segments of the appendage). 
- Such is the condition of the part in most osseous fishes, and such is shown 
in the diagram of the base of the appendage in figure 5 ; whore the proximal 
segment consists of two broad and fiat bones (m and is), the next segment of 
five narrower and shorter but thicker bones (m), and the last segment of 
more numerous bones of the primitive filamentary form and multiarticulate 
stmctureb which bifurcate and radiate as they recede firom the centre of at- 
tachment 

We mav connect the tendency to extreme and variable devdopment in the 
iheral parts of a vertebrd segment, with the freedom which u the neoea- 



k. 



peripheral parts of a vertebrd segment, with 
sary eo&seanence of their podtion : they are attached bf one end only, thej 
have not, therefore, that physicd restrdnt to growth which may arise oot of 
the fettering by both extremities, which characterixca the more centrd ver- 
tebrd dements entering into the compodtion of the neurd and hsemd ardies. 
Even in these we find uie disposition to luxuriant growth or vegetative sub- 
division greatest in the peripherd element^ viz. the neurd and hsemd spinea : 
much more^ therefore, might it be expected in tiie lem constant, diverging 
and commonly fredy projecting appendages of the vertebrd ardies. Althou^ 
here the polaramg forces which tend to shoot out partide upon pertide after 
the pattern of dendritic corals, plants or crystals, are so controDed \pt the 
antsgoninog principle of adaptation, that the radiating srowth Is alwaye 
cheeked at that stage and suided to that form which Is suited to the wants 
and required by the mode of life of the specieai 

Since, however, we are able to retain firmly and with certitude onr reco|^ 
nition of the spedd homology of the diveiging appendage of Uie oedpitd 
hsemd arch, through dl \U modifications, from the nngle ray of the lepidosi- 
ren to the hundred-fdd repetition of the same elements with superadded 
diehotomous bifurcations sustaining the enormous pectord fins of the 
broad and fiat plagiostomous fishes thence called *rays*jBar cxesOnMe^ ao 
we can retrace, with equd certitude^ the serial homology of this appendage^ 
when it is so plainly manifested by its simple form as weQ as connectioiia la 

• liasBta TiuMctioM, vdL xriiL pL », if. 4, «fc 

t Biidwff, Igrkbtirm . p Tsi M w, 4to, sL t, tg. 4, s. 

t HDBtcrisa LectarmenVcrtdMst8,fg«.27,le.41,4t,4^i«. 



\ 



mmmmmm 



OSNBRAL BOMOLOQT. CEANIAL VBBTBBEJC. 109 

the lepidotireD, the amphinma or the apterrx* with the learoelT more tlniiiB 
or less*developed appendage of the thoracic abdominal hcmal aidiea (libe) 
of birdiand fishes (figi. 15 and ITtOta); and that we are led to determiDO 
its general homologj, under its manifold forms of fin* fore-limbb wing* oranBv 
as the diverging appendage of the haemal arch of the occipital Tertebn. 

Thenatnnil and typical vertebral segment above-defined cannot bedetached^ 
in every fish, by the mere di^unction of sutures : in the lepidosiren^ «. p^ tha 
ossified part of the centrum has coalesced with that of the next segment in 
advance and would require to be divided bv the saw s the same eoaleseenea 
occurs in the human skull, and has led to the definition of the cranial booe^ 
called < OS spheno-ooctpitale*.' In osseoos fishes, either by eonnatioB of • 
with g, fig. 5, or by excessive development of bone in the notochordal capsdo 
extending forwards from the centrum s, and producing s^ there results the long 
bone (s, s^ oontinuing the series of vertebral centrums forwards^ and oorro* 
sponding m pontioo wiUi two segments or arches above. On the hypothesis 
that it represents the central elements of both those archesy it must be divided 
artificially, in order to separate that segment of the cranium which next sue*, 
ceeds the occipital one. And, further, either by a similar ooalesoenoe of the 
proximal elements of two hcmal arehc^ or by the undue extensioo of audi 
element of one of the arches, interposing itsdf between the next ardi and 
the rest of the vertebra to which that arch belongs, it happens, that iinlem the 
proximal element or elements in question be artificially divided, as at sso^ sso^ 
fig. 5, two hsemal arches (H ii and H in) would be brought awav. with Uie 
neund arch detached by the separaidon of sutures and t£e divliaoB of the 
bone s, s. If neither that bone, nor taa were divided, but were^ with the 
bones in superior connection with them, separated from the bones antcriofly 
articulated to them by sutura^ then we should have the group of bone% Ib- 
duded by the curved lines marked M ii, N iii, Hii, H iii in fig; 5. Two 
vertebral segments are plainly indicated in this group by the disthiet hmmal 
arches and Sieir appendages, H ii and H in ; but three pain of bone% is^ e 
and is, fig. 5, appear to be in neurapophysid rdation with the single and 
symmetrical median bone s, s. I( however, what has been urged in the 
chapter on * Special Homology ' (pp. 188-196) respeetiBg the petrosal eha- 
racter of is be a true interpretation of that boocb then we must diminato H 
from our present inquiry, inasmuch as being a partial ossifieatioB of a Maee- 
capsule (and nature hendf removes them, as such, in most fishes), It apper- 
taina to a category of bones ^splanchno-skeleton), forming no part oif the pi^ 
per neuro- or endO' s kel e ton,in which alone we sedL forevidenee of aa^oMBtal 



disporition of parts corresponding with the segments of the nervi 

The bony petrosals (is) being removed, let u% then, with the view of ea* 
amining the composition of the segment of the skull with which the oeeipi* 
tsl vertebra was articulated, saw across the boness, s andsso^andsnaiate 

toT^em. 



the bones s, r, s from their sutund connections with those in firoDt < 
In thus obtaining the segment in question, the opponents to the veftebral 
theory of the skull are entitled to assert that violenee is done to rataio hf 
the sections of the single bones above-dted; the validity of which aa av 
obiection to that theory will be afterwards inquired iatOb 

It is not, however, absolutely necessary to divide the btsil booe s» e t Ib 
many osseous fishes a symmetrical bone (fig. S, s*) supports the parial boBM 
is^ and stands in the relation of a centrum to them ; ue neural ardi ordrdt 
of that segment would not, therefore, be broken by the removal with the 
posterior segment of the whole of the bone s» •• If the 
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derdopment from the ander put of the oentrani of the leeond eervical irer- 
feebn of the gfluroid fish (p. 260) were remoTed, with that tegment, from the 
adas, the atlaatal Denial arch wovld still be completed by the mdimental body, 
beneath which the ottiJication from the wiooeediog vertebne had extended 
hadf. 

Whether, howerer, we divide or not the bone h •? those which rest npon 
iti posterior or basispbenoidal pait present, after the removal of the petro- 
sai% when tiewed from behind, and slightly disarticulated from each other, 
the anangement eahibited in 6g. S. The bones s, s support and defend 
the lobe of the third ventricle or the mesencephalic segment of the brain ; 
they give exit to the trigeminal nerves (ir)^ and thus, as well as by their con- 
nections with the other bones of the arch, rromthencKivyNm^su^ 
of the bones s, s in the occipital segment. The bones s, s, by their more ex- 
tmal position, by affording an ardcular surfrce to the haemal arch (tso, 
H li), and their devdopment of a strong transversely and backwardly pro- 
duced process for muscular attachments, obviously repeat the/wropcyiA^m/ 
eharacters of the bones «, 4 in the ocdi^tal vertebra. 

The arch is not completed above in the cod-fish ; the bones r, r being s^ 
panted at the mesial line b;^ the interposition of the produced spine of the 
ocdpital vertebra s, which joins with ii. In some other fishes, however, 
a. ff. carp and pike^ the bones r, r do come in contact and join eadi other by 
a * sagittal ' suture, thus completing the neural arch. It will afterwards be 
seen, ny tramnc Uie homolognes of these bones in other animak and thelir 
homotypesin otter segments, what value may be assigned to the otjeetion to 
their general homology as the crown or hsemal ^ine of the mesencephalic 
Denrafarch, founded upon the median division and occssional divarication of 
the two halves of no. r in osseous fishes. I may so far antidpate the discus- 
sion as to remark that, even in the present group of vertebrates, the spine of 
the ocdpital vertebra (ti) is divided by a median suture in the lepidosteus; so 
that the condition of the epencephaue arch in that fish is predsdy that of 
the meiencephalic arch in the carp, and essentially the same as that in fig. % 
and in most other osseous fidies. 

The remdnder of the second or parietd segment of the skull, H ii, repeats the 
expanded modification of the hcmd arch of the ocdpitd* vertebra, and even 
mnoaches nearer to the character of the thoradc vertebrae of the hvher 
anuials, by the devdopment of single symmetricd bones at the crown of the 
inverted arch. But the prindple of vegetative repeUtion is still more mani- 
fested in this arch than in the ocdpitd one. If we regerd the posterior half 
of the epitympanic, iso, as the pioximal piece of the parieto-hemd arch, 
which has coalesced with the corresponding piece of the fronio-h»md arch. 



then the i 
of two] 



repepkysit of the parieto-hsemd arch will condst, in bony fishes, 
» isa and st, like the pleurapophyds of the ocdpito-h»md ardi, 
I ss andsi. Thebones, as and 4f,represent the JuEmepopkyng of the parieto-haemd 

I arch. The two pairs of small bones (ii) with the dngle median anterior (4s) 

I \ and posterior (4a) appendages, represent a still more subdivided spine or kcy- 

I ' bone of this inverted aroh. 

Beneath this mask of multiplication of bony centres, the broad characten 
of the inverted arch suspended to the parapophyses of the parietd vertebra, 
as the hsemd complement of that naturd segment of the skull, stand bddly 
out : it enoompssses, sustdns and protects the branchid organs — the ana- 
logues of lungs— the next great devdopment of the vascular system anterior 
to the heart ; and the subdivision of the piers of this expanded arch rehtes to 
the necessity for a combination of strength, with fiexibility and dastid^, in 
the execution of the movements produdng the respiratoiy eurrentk 
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The correspondence witli the icapnlarf or ocdDito-bKniel aicb^ fe Ibithtr 
carried oat by the presence ciappemtaget (u) which frcdj diverge fron H, b«i 
the deTelopment of these appendages has not been observed to extend beyond 
that second phase* marl^ed by TcgetatiTe mnltipUcation of the maple nyi 
directly attached to the arch itself. The lepidostren offers the simpkBt 
dition of such * diveiging appendase ' in the single slender bony piece 
nected with the element «••• Coner and other ichthyologisU dte a sefiea 
of stages of this Idnd of development of the hyoidean appendage fton a ri« 1 

milar simple beginning ap to a SO-fold repetition of the single ray (Bkpt)i 
and the ' brancbiosteml ' rays have been fbond in much grMter munbm In 
certain fossil fishes, like the ' pectoral ' ray% they snppoit a doplicatara of 
membrane, which plays freely baclLwards and forwards* reacting upon the 
ambient medium, and forming, in short, a cephalic fin, bat with Its poweia 
so restricted and adjusted, as to propel the water through the branchial eham* 
bersof thefish, instead of driving the fish through the water ; in whieh latter 
action, indeed, the occipital appendages (pectoral fins)in most oaseona fishea 
can and do perform but a veiy small share. 

If we neit proceed to compare the frontal segment, N iii and H in» dis- 
membered as above described from the parietal vertebra, and, by the aepaim* 
tion of the sutures, from the bones terminating the skuU anterioily, we eludl 
find a neural arch (fig. S) dosely repeating the characters of that of the oe» 
dpital vertebra, llie centrum is sometimes represented simply by the fbrward 
extension of ossification of the basisphenoid ^ii), which I regm aa the bo* 
motype of the ossification of Uie ciqwule of tne notochord beneath the eaa- 
trums of the anterior trunls-vertebre in the silnrus ; sometimes* abo^ of a dU 
stinct superincumbent symmetrical osside (s', fig. 5)» answering to the mdi* 
mental (central part of the) body of the atlas sopported by the inferior booy 
plate, inthesilorus. This more complex condition of thecentmm of thefronlai 
vertebra is well-seen in the sword-fish. The bonce is, is» which dlieed^ rasi 
upon s', when it exists, which defend the sides of the prosencephalon* and 
which are dther grooved by the optic nerves, or have those nerves perfof a ting 
the fibro-oartilaginoos membrane dose to Uie margin of the hone (is) fion 
which it is continued, are obviously the natnpopl^ftet. They aie^ bowercrt 
smdl ; inasmuch as the segment of the brain to which they relate is of iaftriMor 
size in bonj fishes : and they are still smaller in comparison with tba spine 
(u) which is enorrooosly expanded, in rdation to its accessory Ibnctioiis aa ^*^ 

the chief contributor to and protector of the orbits. The booes 1% wcdgid 
between the neurapophysee and spine, affording an articular anr&ee to te 
proximal piece of the hsBinal arch, and developing a transvene pwieiii Ibr 



muscular attachments, an the / wm p qpi^yssi. The booea (ir) have aa lltHa 
essential connection with the typical neural ai«h above demons tra ted* aa the 
bones is, is" had with the corresponding arch of the parietal vertdm: aad 
thdr more peculiar form in rdation to ue ball whidi they protect and their 
variable histdogicd condition in r 



thdr ever bdog mistaken for parts of cranial vertebne^ bot have led to te 
opposite extreme of excluding them dtogether from the bones of 1 



thasMI* 

wita whicb tbey are as much entitleci to rank as the petrosal (le) or the 

tnrbtnd (is) ; &t always In the categoiy of sease-capsnles or 'aphaeha^ 

skdetd ' pieoea. 

In regard to the inferior arch of the frontal aliment, the subdivialoa of ili 
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joint (flici) indusiTe, m the pUmmopk^i it k not lo obWoas whether 
the boDM i»-^ form ^ lobdinded Jumofopk^nh or whether the termlDel 
bone (it), foreiing by •ymphyfii with its fellow the crown of the ioTerted ereht 
< may not be the moiety of a meiially divided ktBmai iptnc Bat the general 

' character of the inverted arch (H in), aa the hnmal complement of the froo- 

] , tal veitebfa ii unmistakeablcb and ita aerial homology with the aueeeeding 

{ arches (H ii and H i) is fully iUostratrd in fishes by its supporting ifivergmff 

Qfpmiagft (s«-s7). These, in the series of fishes, manifest, in aa many 
permanent mrrest% the chief phases of development that the corresponding 
appendagea of the occipito-hcmal arch have been described to pass throoglu 
ll>e diverging appendage of the fronto>h«mal arch ia a single and simple 
bony style in the lepidoslren ; it consisti of three or four simple rays in the 
monk-fish and some other plagiostomcs ; it has one ray expanded into a broad 
proximal piece in the conger, which sustains a distal segment of the appendage, 
one member of which, the ' sabopercular,' still retains the long and slender, 
ray-like form, which is, also^ dearly traceable in the broeder bat long and 
carved 'opercular'; in the cod, aa in most osseous fishes, the parla of the 
second segment of the appendage (ss, ss, ir, fig. 5) are metamorphosed, like 
the proximal one (m), into broad and flbt bones. The fin-like fold of inte- 
gument, sustained and moved by means of this diverging appendage and its 
\ nosdes, reacts upon the surrounding water ; but, like the hyoid-fina, with 

,t which the tympanic or opercular fins ara dosdy connected, they are chiefly 

sutMervient to the creation of the respiratory currenta and their direction 
•* , through the gill-chambers. The weight of tliese appendages, and the con- 

li atant movementa in connection with respiration, as well as those which the 

I hsemapophyiSal portions of the arch, modified in subserviency to nutrition 

have to pi^norm, as jaws, explain the necessity of the subdivision of the sup- 
porting pedide into overlapping pieces dlowmg of a certain dastic yidding 
with recoil, and thus diminbhing the liability to fracture without affecting^ 
except by increasinff, the strenj^ of the arch. The trochlear joint between 
i| the two dements of this arch (at ssJ and ss) with its cartihge and synovial 

j i{ ' sac, repeats the complex structure of the articulation between the vertebrd 

f i and aternd portions of the ribs in birds. To the fore-pait of the lower piece 

' (isd) of the pleurapophysis is usually articulated a bone (t4) connectmg it 

It, with another bone (st) in advance : the ground for regardmg i4 aa appertain- 

ing to the arch (ss, si and ss, H ly) will be explain^ in the description of 
I thatardk 

Ibere remdna, then, in the fish's skull, to be considered, the group of 
\ ! bones (N iy, H iy, fig. 5) forming its anterior extrani^; and we have to in- 

quire, whether there can be traced in this easily separable group such a con* 
J , cordance in its formation with the arrangement of the eonatitaents of the 

I foregoing segments aa will justify its being regarded as a naturd segment of 

the dLuUT and as still illustrating the type on which dl the other segments of 
the endoskdeton have been constructed. Fig. 4 gives the same view of the 
bones of this group in vertebrd rdation with the rhinencephala as the viewa 

I In figs. 1, 2 and 8 ao of the bonca having a nmilar relation to the three lamr 

aegmeats of the brdn : we percdve the ungle and symmetricd bone (is) 
forming the basis of the arch, and sustdning the bones is, i4, which more 
( immediatdy support the dfactory ganglions and transmit thdr nerves, dther 

by grooves or foramina, to the dfactorv capsules : the key of the arch Is 
• : formed by the single and symmetricd bone is, which is articulated to and 

\ I chieflv sustdned by the bones is, is : but u is expanded and deflected 

y \ antenoriy so as to rest directly upon is and completdy obliterate the neurd 

caod ; the hsemd cand bdng in like manner dosed by the approximatioo of 



\ 



OBNSRAL HOMOLOOT. CRANIAL VBRTSBaJU 115 

the bttmal spine (tt) to the Dasel centram (»)^ and by the ufMrard 4e» ei op« 
ment of the proeesiee of tt which join the neunl epine (if)L Maeh Modifl- 
cation was to be expected in the fegment which terminetee the ekeletea 
anterioriy ; and jet the typical characten of the neond arch aie move eoM- 
pletely preierved here than at the opposite end of the ▼ertebnl eolnan. If 
the bones 4, St is, which I recognise as < parapophTses ' in the cnnfad 
segments i, ii, iii, must be viewed as superadded tntercalationa for the 
special and characteristic expansion of the neural arches of those s eg m ents 
normal elementis Indeed, of the typical yertebra, but with modified connections 
for cranial functions— then the disappearance of their homotypes io the nnsd 
segment restores its neural arch (fig. 4) to the more common cooditlon» and wo 
recognise in is the cenDncm, in 14, i«y the 9i€urepopfy9e9, and In u tin usicraf 
tpirm of the nam! vertebra. 

But tlie segment to be complete should exhiint a second ardi, iaveited s and 
we find sudi arch dosed or completed by the symphysis of the booea s% 
fig. 5» and suspended to the sides of the centrum is and to the Benrapophysci 
My 14, by the bones ss, as the pien or crura of the areh ; these bones bdi^ 
connected to the key-bones tt, by the intermediate booes ti* K0W9 1h9 
modifications which these dements of the inverted or hsnaal arch of the 
nasal vertebra have undergone, are^ also, much Icm than might hafo beea 
antidpated from the extent to which the segmento are modifid aft the oppo* 
site extreme of the endoskdeton. All the normal dements of the T 



arch, for example, are retained : ts Is the platrapopkjftitt ti the hmmtun 
> phy$iit and tt the kaemal grimt, in most fishes divided at the middle BDe» Vol 
' sometimes confluent with its fellow e.^. ZKodSon. The essential (pleBr* 




velopes a prooem from its hinder margin downwards and baokwardib whkh 
gives attachment to Uie diverging appendage of the areh H tr. The do- 
vdopment of the other bones of the ardi, ti and tt, outward^ downwards 
and backwards, is still more maiked in relation to the protncttle and retn^ 
tile movements of the areh in most osseous fishes ; and soom anaftoadsl^ 
Influenced by tiie form and proportions rather than Um connections of those 
bones, have described them as independent paralld arehce i bBt, ae aoeh, 
they most be regarded as bdng suspended by thdr apices or IwstOBSS to 
the axis of the skull, aad as having their haunches hanging fredy downwards 
and outwards — a pontion the reveiae of that of the forsgidng inferior nrdbos 
of the skull and of every typicd hcmd arch. The reduction of thai di- 
vergent devdopment, characteristic of the bones ti and m in fisheib &• af- 
fected in a great degree within the limits of the piscine dass: atrsodr we 
find one of the q>urlous arches abrogated in tbesalmonoid fishes If thesBOft- 
ening of tt, and its more direct oontinuatioa from ti, which bow knm ftho 
laiger part of the upper border of the month and suppofta teeth t ih9 eoB- 
fluent maxillaries and premazHlaries send down onqr b slnde ^ttveifeBft 
procem from thdr pdnt of suspendon to the palatine oondyle in the pleelo- 
gnathic fishes; and the consolidation of all the dements of thepolalo-BMudlivT 
areh into its normd unity Is efiMed in the knidoslren*. The palntiBes (tsl 



dways form the true bases or suspensory pien of the fatveited hsiwal arn 
aft their pdnts of attachment to the prefrontals (is); the nremaxUbrie^ m» 
constitute the true apex or crown at thdr symphysie orpouit of eoBflneBOSb 
H it; the iqiproximation of which to the anterior end oftheBxisof theolBil 
is r e ndered posdbls^ in fishes, by the abeenoe of aay airpaemfe er Basal 

• HwtcriaBLsct«i%T«ritknls,f.n,ii.ai 
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oanaL The diverging appendageb MMnetiinet <iDgle and enchylotcd to tlii 
uch (lepidoctfen); lometiinet nngle and detaehed like a Umg, Darrow bune 



(aome monsnoidiiB) ; more oommcKDly comUts of two bonea (», 14)9 wkieh 
extend ootwarda, downwaidi, and backwarda from the plenrapoph]^ (at); 
bat the more oonatant and better oaaified bone of the two^ no. m, articolatca 



poaterioily with the auceeeding pleurapophyaia ^aa) and eombinea ita 
menta with tboae of ita own ardi, juat aa the diverging appendagea of one 
thoracie hsmal arch in the bird aaiociate the moTementa of thai arch with 
thoae of the next in aoeoeaaioo (aa in fig. IS^pitO^p^ The hsmapophvace 
here» aa at the oppoaite end of the body, begin ao farto diasoeiate themaeiTca 
ftom the pleurapophyaca aa to aitieolate alM directly with the centrum (la) 
aa weU aa with the pfenrapopbyaea. I regard thia aa a very intercatiiig ap» 
proaumation to that condition of the typical vertebra which la iHaatrated by 
the diagram (fig. 14), and which ia aeen in nature in the caudal vertebne of 
the erooodilea, enalioaanra and menopome (fig. 28. H). 

From the foregoing analyaia it appeara, then« thai in oaseooa fiahea the 
endoakeletal bonea of the head are arranged, lilte thoae of the trunk, in a^ 
menta; that theae are four In numbery and that they doaely conform to the 
character of the ^f pical vertebra. 
Thna we have four centruma and neund archea : vis. 
N I. Epenoephalic arch (fica. 1 and 5* !»% a* a); 
N II. Meaencephalic arch (figa. 8 and ^ a* a»r9a)s 
N ni. Proaencephalio arch (figa. 3 and Si a» la^ ]i» la); 
N IV. Rhinenccphalie arch (figa. 4 and 5» ii»i4, \%y 
Aa a collective name for the aum of theae immoveably articulated archea 
would be aa convenient aa the anatomiat finda the namea 'aacrum' and *cara- 
paoe^' applied to aimilarly conaolidatcd portiona of vertebral aegmenta in the 
pelvic and abdominal regiona of certun air-breathing vertebratea, that of 
* cranium ' mav well be retained for the neural archea of the akull : but it 
abould be unomtood to aignify, in all animala, the bonea i to la induaive: 
whereaa it haa, hitherto^ been applied variably in difiereni apedea; aoaio> 
timea including aenae-eapaulea and facial bonea, intercalated to expand the 
walla of the cavity for a large brain ; and more frequently exdnding true 
cranial bonea, thoae of the rhineneephalic arch, for example^ which enoomiiaaa 
I aa emential a part of the encephalic chamber, aa the aacral vertebrm do of the 

I nenial canal at the oppoaite end of the vertebral axia ; although b both in- 

atancea the extremitiea of the neural axia may have been withdrawn, in the 
I conrM of ita concentrative change and movement, from thdr original aeaft. 

I The haemal archea indicated by the anowa in fig. S^ the heada «i^>^i«£ 

I the pomt of junction or crown, aie^ — 

( H I. Scapular arch (a»-ei): 

H II. Hyoidean aich (aa-^); 
H III. Mandibular ardi (aa-at); 
H lY. Biaxillary arcb (aa-«a\. 
The diversbig appendagea of tne hemd arebee are, — 
I 1. ThePedonl (at-ar); 

I 8. The Branchioategal ^)s 

3^ The Opercular (aa-ar); 
«. The P£erygoid (ta^a«>. 
The bonea or parte of the aplanchno-ekeleton which are intercalated with 
or attached to the archea of the true vertebrd aegment% aie^ — 
The Fetroed (ia) or ear-capanle^ with the otditea, m"; 
The Sderotd (ir) or cye-capaule; 
The Turbind(ia)or n 
The Bianchid arebea; 
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TheTeedk 
• The bones of the denno-flkdelon I 

The Supntemponb; 

The Supnu>rbitab| 

The Svboibitab; 

TheLabiak. 
Snch appeara to be the nataral daasiflcatios of the parts which constitate 
the compl^ skull of osseous lishea» 

. As the object of the present work relates chiefly to the endoskdeto^ I 
have 00I7 added the osseous parts of the sense-eapsules to the cranial vertebra 
in fig. 5 ; omitting the branchial arches and dermal bones: thehmmal arches 
and their appendages are given in diagrammatie ootBno. 

lUpiUes^^ln proceeding with the inqnirr into the natorsl arrangement of 
the skull-bones» I have selected from the ApHUa the crocodile, as a tjpicsl 
example of thai class, and one most likdy to fiM?«^!ty*f ^e inquiry oaaoooaat 
of the characteristic persbtence of the primitive cranial sutures. 

Pursuing the same mode of investigatioa as in the case of the ish, let us 
disarticulate the hindmost segment of 
the skull and so detach the four booes^ F!g.l& 

represented in fig. 18. The dotted 
circle indicates the points at which 
these bones are joined together, in 
order to encompass the cpencephsloa^ 
or hindmost segment of the braia. 
No. 1 is the cmlnmi ; St t are the usiir- 
apophysei with the coalesced jMfw 
cgN^jfMff (4* 4) ; and 1 is the mmnd 
^ptne. This element differs but Utile 
in rise and shape from the similail j 
detached and oepressed nennl nJM 
. of the atlas of the crocodile. The 
single convex condyle at the back part 
of no. 1 makes thai centrum lesenbla 
the posteriorly convex bodies of the 

trunk-vertcbns in as striking a manner aa the repetitioii of the artieular 
concavi^ in the basiocdpitid of the eod (fig^l* nuffhs its serial hon^ 
logy with the succeeding vertebral oeBtmme of the same anlaiaL Ib the 
dcsoemting process firom the under part of the occipital ccntram of ih9 
crocodile (fig. 18» i), we see a second chancter of the cervical oentrana Ib 
thai reptile repeatedt vis. their inferior cxogenooa spoa. The 
physes (t»t), like those of the adas, meet above the neural canalt they i 
exit to the vagal and hyporioesal nervcsb and protect the sidfe of the m^ 
duUa oblongata and cerebcfiunL The neural ^nne (s) protects the Bpper 
surface of £e cerebdlum: it is also traversed by taapaniccellsi andassfaUb 
with the bones s» t, in the formadon of the chamber for the intenial ear* 
The special homology of the ouHtanding p r oc es s e s (4, «) in the crooMBk 
and serpent (fig. lO^ with the simihriy situated but ^stiaet «Mrooeipilal* 
bones in the cod. Is confirmed by their resuminff tiidr indepentam in the 
hinder segment of the skuUof the chdonlaa reptiles; and the occipital Beual 
arch of the crocodile is reduced by their confluence with the nettnipo|ih|asi 
to the conditioB of those of the tniBfc.vcrtdins» as oompoee^ vii* of IbBr 
instead of six elements. 

The epeneephalic arch oflbrs the saase simple oonditioii not obIt Ib 1h% 
ophidians but ia most saarians: the efcamfieona however relafai^ Bke te 
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chdonirai, the ie&thTle independenet of the pumpophjMs (a, «][. In 
phtiio areh is rednced to the 



chiaM the epeneephtiic arch is rednced to the two importuit elements, the 
nennpophyses ; which meet and join eaeh other bdow aa well as aboTC the 
foramen magnnm, and derelope the ezogenooa ayg apop hys eib or two occipital 
eoodylcsy for articnlation with the corresponding pr o ec ss e s of the neural arch 
of the atlas. The basioccipital, if it exists in betrarhiani^ is rudimental and 
oooflnent with the basisphenoid, and the snpFBoedpital is in like manner 
recognisable only as the posterior border of the backwardly produced pariet^ 
The parapophyses are short exogenous processes of the neurapophy les of this 
anidi nmpltfied epeneephalic arch in all batrachian repCilea. 

The chief modification that distinguishes the abore^lescribed segment of 
I the crocodile's skuU from its bomologue in the fish, is the absence of an 

( attached inverted or hssmal arch. We reeognise» in d ee d , the special homo- 

loguesofthepiscineeonstituentsof thatarehinsskSiandss, fig.22. The 
upper sopraso^ular piece (m) is howerer free^ disconnected from any ail- 
ment, and retains, in connection with the lose of its proximal or cranial 
articulations, its cartilaginous state : the scapula (si) is ossified, as u likewise 
the coraooid (h), the lower end of which is separated from ito fellow by the 
interposition of a median, symmetrical, partiaUy ossified piece called 'epister^ 
num (As). The power of recognising the spedal homologies of it, it, and 
Si In the crocodile, with the similarly numbered constituents of the arch H i 
in fishes (fig. 5), tiiough maslLed not only bT modlficatioiis of form and pro- 
portion but eren of very substance, as in the case of ss^ depends 



upon the 
circumstance of these bones constituting the same essential* element of the 
arche^pal skeleton : for although in the present instance there is superadded 
to the ad^ptiTC modifications atMve^ted the rarer one of altered connections, 
Cuvier does not hesitate to give the same names (suprascapulaire) to ss 
and (scapulaire) to si, in both fish and crocodile : but he did not perceive or 
admit that the narrower rolations of special homology were a result of, and 
necessarily included in, the wider law of general homology* According to 
the view of this law here taken, we discemln ss and si, fiff. ^ a tdedosiMlly 
compound flUunpepkjfm^ in st a .to w y y i ^y st^ and in As the mmoI 
tpmBf completing the hssmal aroh. 

The general rdations of the scapolo^oracoid arch to a hsemal or costal 
one have been long recognised, but the vertebral segment to which it apper- 
tains seems not hitherto to have been suspected, and has certidnl^ not been 
satisfactorily determined. Oken, who had observed the free cervical ribs in 
n specimen of theXocerfa apoda^ Pidlas {PmwdBpm\ deemed them repre- 
sentativea of the scapula, and this bone to be, in other animals, the coalesced 
homologies of the oervicsl pleunpophyse^. In no ammal are the conditiona 
for testing this question so favounble and «>bviou8 as in the crocodile : not 
only do cervical ribs coexist with the scapulo-coraooid arch, but they are of 
unusual length and are developed from the atlas as well as from each suc- 
ceeding cervical vertebre : we can also trace them beyond the thorax to the 
aacrum, and throughout n great part of the caudal r^on, as the sutures of 
the apparently long transverse processes of the eoM^geal vertebrm demon- 
strate in the young animal; the lumbar plenmpophyses being manifested 
at the same poind as cartilaginous appendagea to the ends of the long din- 



* " AuA & Sespols Bidit cte ICnochsa, naden wmlgrtuBi cine tat fiiaf Halnippsa 
ansmmeagdkMnBS Plttte ist.**— Pnmmn, Ae^ 4to, 1807, pw 1ft. He repredneet ths 
nms idea of ths mbosI hemologj of the teapok la ths 'LArimdi der Kstur-phfloeopUs,' 
184S, p. aSl» \ 8381. Csmi elto regsrde the Mspoie-eoffaoeid arch m the rennloB of eera- 
iBl (^ leeet three) protomtebnl srAei ef ths 1 ~ . - . 



the metaiiiorplioMs of the liyoid uid bruidiial wehet in the hetrefMiw di^ 
proTe, the tingakr aod highly interaetiDg change of poeitioB m well m ihapa 
of the true ecratohjeb, during the Mme BietaiDoiphQiit» pnqwrnw to apeol 
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The tfcapulo-eoneold aieh* both elements of which letabi the form of , 

strong and thick Tcrtebral and sternal ribs in the crooodil% Is appUed la the I 

skeleton of that animal over the anterior thoracic hmmal arches. Viewed | ' 

as a more robost haemal arch, it is obviously out of place In refineBce to the , 

rest of lu vertebral segment If we seek to determme that segment by te 
mode in which we restore to their centrums the less displaced neural avdbes 
in the sacrum of the bird (fig. S7i n i-m 4)»we proceed to examine thevett^ 
bns before and behind the displaoed arch with the view to discover the ooe • . 

which needs it in order to be made typically complete. Finding no centrum and , t 

neural arch without its pleurapophvses from the scapula to the pdvlsb we ^vb l 1 

up ourseareh in that direction ; and in the opposite direction we find bo vett^ ; r 

bra without its ribs until we reach the ocdpot: thera we have eentmm and 
neural arch, with coalesced parapophy s e s th e dements answering to those 
Included in the arch N i, fig. 5^ but without the ai«h H i ; which ardh 
can only be supplied, without destroying the ^ical oomplelettem of aateeo- 
dent cranial segments, by a restoration of the bones ss-ei, to the place whkA 
they naturally occupy in tibe skeleton of the fish. And rinoe •— ♦^*— ^"^ 
ara generally agreed to regard the bones ss-ss in the crocodile (fi^ tt) 
as specially homolooous with those so numbered in the fish (fig. Sh we 
must conclude that they are likewise homologous In a higher eense ; that Ib 
fig. 5 the scapulo-coracoid arch is in its natural or typical plaesb wheteaa Ib 
the crocodile it has been displaced for a ^edal purpoee. Thtt% agreeably 
with a general principle, we perceive that aa the lower vertebrate bbIbiu 
Illustrates the closer adhesion to the arche^pe br the natanl artlcolatioB of 
the scapulo-coracold arch to the occiput, so the higher vertebrate manifwti 
the superior infiuence of the antagonising power of adaptlvB modificatiOB by 
the removal of that arch from its proper segment 

The scapula retains the more common cnflindrlcal long and slender ri^ . 

like form of the pleurapophvsb In the chdonian reptiles^ wherry fiom the | ; 

greater length of the neck, tt has retr o gra ded further than in the e ' 
from its proper centrum, and is placed not upon, but withlBp an 
thoracic Mmal arch, the plennpophysls of whi<di hai^ on the r~ 
been expanded like a scapula. 1 1 

If the arguments founded upon the relations of the scapnlo-cofBOoid ardi .111 

to the segoMnts of the skeleton in osseous fishes and orooocfiliaBS be adBdtted 
to sustain the condnsion here drawn fkom them, that arch must be held to 
form the hmmal complement of the ocdpital vertdira In all animalfc 
in iUustratiuf his vertebral theory of the skull by the osteolcgy of the' 
SungMUh thus defines the 

"VbrTXBBA OOCirtTALU, SIVB OAPITU PBIMA. 

^ Basis ocdpltis, sen cof|Nif h^jne ve r t e hm^ 

*" Fm lateralis ocdpltisi sive ormif^ 

^ Crista ocdpitaUs, prveemu tpinoH loco^ 

^ Cornn migus hyoidis, eoiim verUbrm occipitalis eem p a ra ndm 

He adds a dotted outline of the hyold arch to oonpleto the i 
c^wtofi^in tab. xlL fiff. S8, B. 1 of his bcmOiful MoBOgndL 

Supposing the specid homology of the middle oonraa of the hyold of tho 
ehdonun, so represented and compared to ribs by Bqjaans^ wl^ iSbm e^Hb-i 
«ii-and ceraio-byals of the fish (fig. 5» ss, si^ss) to have becB eorrec^ umh 
the metamorphoses of the hydd and bmdild arches In the hatrafhIiBi di^ 



I 



a retrogradation of the hyold areh In respect to Its proper esBtni^ Ib the 
iTwtearislsisf— ,fcLmt,fw44. 
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aknDt oC the tir-bmthlDg TcrCeliFatat. In the young tadpole the thick ear- 
tiliginoiu hYoidcan areh • ia raapendcd»aB in flshei» from the tjrnipanie pcdidet 
the dender Tm^dcan arch of the mature ftog ia suBpendcd from the petroaal 
capsule t« The mandil>ular areh haa, alao« receded ; and the acapuLur areh 
which, at its fint appearance^ waa in dote connection with the occiput* further 
letrogradea in the prograM of the metamorphoaia to the place where we find 
it in the akdcton Jt the adult frog. 

The argumenty therefore^ may be summed up as foQowa. The position of 
the neurqiopbjses in the donal Tertebrs of cheloniana and in the sacral ▼ei^ 
tebrs of dinosaurians and bicdsp shows that a change of rdative position in 
respect of other elements of the same ▼ertebra may be one of the teleological 
modificationa to which eren the most constant and important dementa are 
subject. Instead of yiewing such shifted arches as independent indiTidual paits^ 
we trace their relation to the stationair elements of the Tcrtebral segments— 
the centrums. Thus, oommeneingy for esaunplcy with the anterior of the 
aacral Tertebrm of the ostrich, A in fig. 87, we obserre that, besides sup- 
porting its own neural arch, it bears a small portion of that of the next vo^ 
tebra : the third neural areh (n i) has encroiushed further upon the centrum 
of the Tcrtebra in advance ; and thus, in respect to the neural arch (n t), if 
it were viewed with the centrums, et and e i, upon which it equally rnts, 
apart from the rest of the sacrum, it would appear to appertain equally to 
either, and be referable to the one in preference to the other quite gra- 
tuitoudy. Neverthdeis ni ia proved, by the intermediate diangea in ante* 
cedent neund arches^ to bdong actually, and in no merely imaginary or trana- 
cendental sense, to e i dtogether, and not to the segment of which « i is the 
centrum ; and in tradng the modifications of those sacral vertebrae which 
follow e s, we find n 4 to have regained nearly the whole of ita centrum, e «» 
and the normal rdationa of the dementa are quite restored in the succeeding 



Now let US auppose the habita of the species to have required a more 
extensive displacement of the arch (n t) and its appendages: if its formal 
characten aa a neurd arch were still retained beneata the adaptive devdop- 
ment superadded to the adaptive didocation, and if the segments before and 
behind Uie centrum e s were found complete, and that centrum done wanting 
its neurd areh; would the mere degree of modification in respect of rdative 
podtion nullify the condusion that the shifted arch appertdned to such in- 
complete segment, and forbid that restoration to the tydcd condition, whidi 
no anatomist, it is presumed, will dispute in the case of Its, ei, fig. 27? No 
anthropotomist hesitates in pronoundng the exact vertebra to whidi the 
dxth ribs bdong in the human skeleton. But, separate tikat costal areh 
with the two bodies and neurd arches of the vertebrm with which it articu- 
lates, and to which of them it bdonaed would be aa questionable as in the 
instance of the displaced neurd arch in the bird's sacrum. The head of each 
rib is applied half to the upper centrum, half to the lower one : the upper 
border of the neck of the rib articulates with the upper neurd arch, the tu- 
berde with the dii^physis of the lower neurd arch. If a naturdlrt, not 
converauit with the definitions of human anatomy, were ahown this detached 
part of the human skeleton and were pretsed to determine the proper centrum 
and neurd arch of the hypothetically displaced costd element, the attempt 
might seem to him gratnitoua: and to the question, to which of such 
oeatmms the rib exdudvdy (aa to the pre-exirting pattern) belonged? he 

• pnricr, Onsik Foa. V. Ft fl. pL t4, ig. tS, SL 

tii.ig.S7,s.— aBiiitenMdiateitsnliAowastflA.S9. Di^liasdBddMrteeeflim 
~ ihcriihHlrststhtochttvtafpAlsndthslqfdSbiasRh. 
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might rep1y» to neither. And such, donbdewy wonld be the imUtcr-of-Ad 

answer mott oongenid to the character of mind which would limit Ite views 

to the specialities of the ribs as parte independent of any Ideal arebe^pe* or ' t 

be unable or unwillinff to push the consideration of their connectiona beyond 

the purposes apparenUy subsenred thereby. A second anatomist might aeo 

in the more constant articulation of the costal tubercle with the transrena 

process, a character which would incline the balance in favour of the veitebim i 

to which the transveme process belonged. A third anatomist might extoid { \ 

his comparisons to other ribs and ceutrumsy and finding the lower centrum \ I 

obtaining by degrees a greater proportion of the head of the rib^ untfl the [ 1 

first and last ribs respectively wholly articulated to the centrum amweriag to ' ' 

the lower one in the case of the hypothetically detached sixth pair» he wooU 

conclude that such pair of ribs belonged essentially to the lower and not 

to the upper supporting centrum, and he would count aocordinglv au^ ! 

lower centrum with ite neural arch, as the sixth of those vertebne which are } 

characterized as supporting ribs. The anthropotomift» in fact, in so oountinf ' 

and defining the donal vertebne and ribs» admite unoonsciovolT perhaps aa 

important principle in general homofogy, which pursued to ite legitimale 

consequences and further applied, demonstrates that the scapula is 1^ nodi* 

fied rib of that centrum and neural arch which he calk the 'oodpital booc/ 

and that the change of place which chiefly masks tliat rdation c for a vary 

elementary acquaintance with comparative anatomy shows how uttla mere 

form and proportion affect the honmlogical characters of bones) difos only 

in extent and not in kind from the modification whidi makes a minor amount 

of comparative observation requisite in order to determine the rdation of the 

shifted sixth lib to ite proper centrum. 

With reference, therefore* to the occipital vertebra of the crocodileb if tha 
comparatively wdl-developed and permanently distinct ribs of aD tiie oerviod ' . 

vertebm prove the scapular arch to belong to none of those segmenti^ nn^ i ] 

if it be wantinff to complete the ocdpitd segment^ iriiich it actuaUy docs 
complete in fi&es, then the same oonclutton must applv to the same aidi in 
other animals, and we must regard the ocdpitd vertebra of the tortoisa as 
completed bdow by ite scapul^coracoid arch, and, not as Bqfanua sapposedt 1 1 

by ite hyoidean ardi^. . • [ | | 

With these views of the generd homdogy of the scapulo-coraeoid aidbp 
the embrydogist will observe with less surprise ite constsnt appeaianea in 
the first instsnce dose to the ocdput, and ite equally constant pnmitivn vaiw 
tied pontion; however far back it may be subsequently removed, or to 
whatever extent it may be rotated, in the same progress to maturi^, out of 
ite origind pardld direction with the more normal ^eun^ophysea. 

Retaming to the stody of the crocodOe'a i^ull in reference to the veito- 
brate arche^rpe, if we proc e e d to dislocato the next segment in advanoa of 
the ocdpitaJ, we bring away in connection with the long base-bone, s and % 
fig. 88, the bones connected by the doubia lines N ii, N iii, and by the 

Oeoflhqr St Haain sdeeted the opocoltf snd raboperaolsr boaei to fens ths laimted 



avA of Ui MTCBth (ocdpitd) ertaiil VMtstem (Tsbls IIL snd aote 1 1 ), snd took BO aossHt 
of tfaointtnictiveiHitaniooBBOctioMaidnlaAivsMolkioaof ths hyoidooa 1 i ibJl 
sidMS is Sthoi. ^nthfogvdtotfaoiounlsr ardi,assDados to ill aitiealsilBu wfl& te 
iknll In the towest of the vertebrate dSMOs M se « SBdcsms teattsBdas' (AaataBte mte. 
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ikiill In the towest of the vertebrate 

iophiqiae,p.4Sl)iaiddse«hcndeMifbesitMS''diqiMltiea . , 

et qoe le nsBVM ebMla de OM et BBS eombteaiiOB dci pi^ da stcraam atee edies ^ Is 
tite poanrfeat eeules icBdre pooriUe."— ABBsleo dB fiataB,li.p.8il. ▲ im npa- V 

drtfamoftbeUwoffi g e ted f BBiftBBiityoriepetitioB,iadefdiSiBdo nf lU iiiiilwHi 
■Bd power to the siade of offiutaatiBB of the ■pecles, ai^ haiB eaehlBd kla to dhesn 
.ttotrBedsBiScatloBoftheeokBeetioBoftheieapdtfoiJnBaihea. ^^ 
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curred mowi H'li and H iii. The leUtionsof the mperlor lerict of bones 
Ai neunl archet to^the optic lobes and cerebrum are even leie doubtful than 
in many flshet» by Veason of the roach smaller degree of independent oeitfl- 
cation of the proper capsule of the acoustic labyrinth. Takings then, the 
bones forming the arch N ii, we find them, viewed from behind, to present 
the general arrangement shown 
in fig. la The hinder (bad^he* Fig. 19. 

noidal) portion of the bone § and 
s forms the eaUntmt and imme* 
diately supports the fioor of the 
mesencephalon, or lobe of the 
third Tentride^ bdng ezcaTated 
for the jntuitary prolongatioD of 
that cavity : it also sends a pro- 
cess downwards, repeating, like 
the bssioccipitiJ, the inferior 
exogenous spine of the centrums 
of the cervical vertebna. The 
bones §, s protecting the sides 
of the mesencephalon, and notch- 
ed for the transmission of the 
trigeminal nerve^ manifest the 
fisuw^N^pi^yfui/ characters of the 
segment As accessory Amo- 
tions they contribute, lilLC the corresponding bones in fishes, to the forma- 
tion of the ear-chamber. They have, however, a little retrograded in por- 
tion (see fig. 9), resting below, in part, upon the occipital centrum, and sup- 
porting more of the smne of that centrum O) than of their own (r) ; which 
is, however, formed of a single bone, and m so far manifests more of the 
normal character of the element completing the neural arch, as its crown or 
key-bone, than does the homologous dividM and often divaricated bone in 
fishes. This and other analogous facts show that although the lowest ver^ 
tebrate dass adheres most, as a wholes to the archetype^ yet that it can be 
recognised dearly and unequivocally onlv by patient study of its modifia^ 
tions in all classes: for even the lowest nave special exigencies arising out 
of their sphere of existence calling for modifications of the tvpe whi^ are 
not present in other and higher dasses. We shall find, indeeo, that tiie con- 
nation of the basi- and pre-^henoids ceases in mammals, and that they only 
coalesce in that dass, being primitivdy distinct ; so that the second cranial 
centrum (•) may be removed with its neund arch, in the foetal quadruped 
(fig. 84) or human sulgect (25), without ddng violence to nature tiy the use 
of the saw. The bones s, s, fig. 19, wedged between s and r, here, also, ma- 
nifest mon of thdr jxmmpil^jMi/ character than in fishes, inasmudi as they 
aro exduded from the uiner walls of the cranium, whilst they retain and 
manifest broadly their characters as outstanding processes for muscular at- 
tachment But, besides afibrdin^ ligamentous attachment to the hyold arch 
S», 4t), they articulate largdy with the proximal dement (is) of the man- 
bdar arch, whose backward displacement, in comparison with its more 
normal podtion in the fish's skull (fig* 5), is as deariy illustrated in the meta- 
morphosis of the anourous batrachia, as is that <rf the hyoidean or scapular 




Referring, then, to the side view of the cranid vertebrm of the crocodile 
(fig.S2), we see the hsBind arch of the second or naiietd vertebm in the 
hyoid (m, 4/^ si) retdning so much of its embiyonie mmendons as is required 
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by lU rettrioted fanctioiis, and haying no call for progrearffo growth in anb- 
aervienej to a branchial reipiration. It oonabts of a ligamentona afylohyalp 
itB pUnrajM^fkj^nSf retaining the aame DrimidTe histolo^cal condltkui whicb 
obfttmctt the ordinarj recognition of tne same dements of tho Inmbar hmnml 
arches. The hflBmopophyses and hemal spine are» howevcfi here aa tbef% 
more advanced in respect of their tissue* The htmapppJ^^ is oasilied Ifte 
the so-called ' abdominal ribs,' and asnalljTy like them, consists of two portion^ 
haTing the special names of epihyal (m) and ceratohyd (m) i the kmmi 
mme (41) retains its cartilaginous state Uie its homotypes in the abdomeat 
were they get the special name of * linen alba' or abdominal sternum, hero 
of < basihTaL' With respect to formal modification, this clement b diiciy 
remaricable in the crocodile for its broad expanse : it sustaina the aseending 
valvolar ridge at the base of the tongue, which, applying itself agunsi the 
descending ' palatum moUe,' constitutes an effectual barrier against the entij 
of water into the glottis from the mouth, whilst the crocodile b engaged io 
overooming the struggles of a submerged and drowning pray. 

There being no need of diveiging appendages from the hyoideaa aidk ia 
the crocodile, branchioctegal rays are not dcTdoped. The seapnlar aidk la 
simihiriy umplified io Angms and other aerpentubrm lisarda ; but, to tboae 
•who recognise its true homology, its presence without a trace of Ita anpe»> 
dages, the fore-limbs, will create no mora surprise^ than the prasenea of the 
hyoidean areh without the branchiostegal fins or of themandibnlararahwitbowt 
•the operaular fins. 

On removing the neural arch of the parietal vertdnra, with or without tiie 
aection of the connate centrum (§), the bones eompletinsb with the put (•% 
the corresponding arch of the frontal vertebra present Sa ; 
ment shown in fig.flOi 



Fig. 9a 



The compres se d produced 
bone, s, shown in natural con- 
nection with the bone ts in 
S(. d, notwithstanding Its mo- 
iled form, presents all the 
fssential characters of the om- 
Inan of the ureh i although it 
may have been devdoped es- 
dusively from the a^sule of 
the notochord, like the oo»- 
lesced inferior parts of the oer> 
Tied centrums in the silnnia:< 
thera is no distinct osside a»- 
swering to the central put of 
the centrum of the frontd vow 
tebra, likes', fig.5»in eertnia 
bonr fishes. Ontheothcrhand, 
wefind the nsKremplysial chn- 
racten of the oroito-ephenoida 
(is, is) mora brgdy and typi- 
cally manifested in the croco- 
dile: they ara smoothly ezcaTatedirithin by the aidca of the praaeBcepbdoat 
they dismiss the great apecid-sense nerves of the eye by the notch (fig. 9^ ^X 
and the motor nerves by the notch«: they ahow, however, thei 
dency to change 
they support a gi 
port pait of the 
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e of podtion as the suoeeedmg neurapopbyaes t for tbom^ 
greater proportion of their proper spine (11), tii^ also augp- 
le succeeding spiqe (r)^ m rest bdow in put upon the pap 
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filial ceiitrani(t). The neumlipim of the fhmtel reitebni (ti) retains HH 
Bonnal character If a MDgle symiiietrical bone^ like the parietml apinc^ which 
it partly overlapa. It b much developed loogitadioallT» but OMfe in the 
•nterior, and leii in the lateral direction than in moat fiaheai 

One cannot oontemphite the relative potttion of the frontal to the parietal 
and of Uie parietal to the snpraoocipitalt which i« overlapped by the parietal 
and itadf overlajw the flattened spine of the atlas» without a oonviction of the 
serial hcnnolo^ of these single* median, imbricated bones» all completing 
arches above m neuial axis, and each permanently distinct from the pien 
or hannches of the arch of which it forms the key-stone. In like manner 
the serial homology of those piers or neunpophyses, tis. the laminm of 
the alias, the exocctpitals, the alisphenoids and the orbitosphenoids, is equally 
nnnustakeable. Nor can we dose our eyes to the same serial relationship 
of the pos^ftontals (fiir. 90i is» is) as parapophyses of their vertebrai with 
die mastoids (s) and the coalesced paroccipitals («). The frontal /MBrvpo- 
p9^nSf IS, is wedged between the back part of the spina, ti, and the nenr- 
apojdiydb^ it : its outward process extends backwaras and joins the neat 
parapophysis (s); but, notwithstanding the retrogradation of the mandi- 
bular arch, it still receives a small part of its own pimrapopfynal element 
(is). • This elsment now manifesU its typical unity : v^Utive subdivision, 
much reduced in the batrachian reptiles, no more prevails in the develop- 
ment of the frontal plenrapophysb in anv higher vertebrate. The serpents 
esdiibit this element under the common form of a rib ; longer, indeed, than 
are any of the pleurapophyses in the batrachian order; but it has so far 
retreated in serpents as to be exclusively attached to the parietal parapo- 
physis, which is remarkably elongated and produced backwards, aiid sus- 
pends the longi slender, straight and simple frontal plenrapophysis (^mpanie 
pedicle) verticslly from its posterior extremity. In laoertians no. is is ver^ 
ticaUy suspended from no. s, and, commonly also, from na sr, which b con- 
tinued from the backwardly produced parapophysis of the firontal vertebra 
(is) to that of the parietal vertebra (s) in most of this division of the Cv« 
vidian order SoMntu In chelooians and crocodilians the diverging qipen- 
dage of the maxOlary arch (sr) descends and applies itself to a large propoi^ 
Hon of na SB, down to its lower articular end, and contributes to fix and 
strengthen that bone^ as well as the modified costal arch from which it di- 

llie condition of the shortening, expansion and fixation of the fkontal 
plenrapophysis in crocodiles and chdonians Is exemplified in the uses to 
which the modified hmmapophyses, completing that costal arch, are pat. 
Tortoiices crop the grass by the application of the trenchant homy pbtes of 
the under to those 3t the upper jaw : turtles equally need a fixed suspensory 
joint of the under jaw in the act of biting and dividing the tough sea-weeds. 
Crocodiles have the frontal hemapophyses (mandibular rami) unusually 
long; supporting numerous large laniary teeth, and requiring a fixed and 
firm pobt of suq>ension in the violent actions to which they are put in re- 
taining, and overvmniqg the strngslea of their pnj. 

The tdeological complication of the lower or tfistal elements of the arch 

In question (is-si, fig. 82) is carried further than in fishes : there was more 

need, in fact, for a combination of the greatest elasticity and strength with 

) the least weight of bone* in the frontal hsemapophysis of the crocodile than 

In the frontalpleunpophTsis of the fish (is a-4S d^ fig. 6). 

Thereb lastly, rematn then in the skdl of the crocodile the bones inter- 

• CsBftsm, OedL Tarsal. 1821, p. 565. BneUsBd,Bridceiiatflr1^«stiM, 1856, vol. L 
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'■ected by the linei N iy and the enow H iy» with those nainberfd m, tr* 
and rs» and we have to inquire whether through all the modificadons whieh 
their extreme position lubjects them to, we ean still traoe any evidence of tlMir 
arrangement accordmg to the Tortebrate typo* 

A lonff and slender symmetrical grooved bone, like the ossified tefeilor 
half of the capsule of a notochoid, is continued forwards ftom the eentroa 
of the forgoing vertebra* and stands in the rdation of a eaUnam (u) to the 
Tertical plates of the bones i4, which expand as they rise Into the liroad and 
thick triangular plates with an ex- 



Fig. «. 



posed horiiontal superior sni&ee. 
The arch of which these form the 
piers, and to the anterior riiineiH 
cephalic prploogatlons traverriiig 
which arch they stand In the re- 
lation ci' ne9tn^Mipkym$9 is eons- 
pleted by the two bones(u) : whkA 
If therdbre, recant as a divided 
neural tprntu in fishes we have 
seen that the conesponding ele- 
ment of the parietal vertebra wae 
similariy divided, whilst the neaial 
spine of the nasal vertebra wae 
singlet in the crocodile the le- 
TerM conditions prevalL In a ip^ 
cies of alligator I have observed 
the bone is continued farther for- 
ward, expanded, and divided aft the 
middle line, the two divisionsform* 
inga small disc on the bony palateu 
The centmm of the nasal vertebim 
is divided longitudinally at the me* 
dian line in batradiians^ ophidians^ 
and most laoertians; itbringjeln 
chdonian% but le^na Ha carti- 
laginous state io some species {Em^ e r paiis g , e.^.). The aeomophytei 
(m, m) transmit the olfactory nerves in aU reptfles; but the gaaslioos aie 
usually withdrawn backwards Into the proeenccphalle neoial aicli» leavfaf 
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I ilMiBMCtiBftogelhertUBplateiof stsdiaths^prii^sfmnisgsi^ Slw 
, •< Thois vho bra vitMned the thock gIfCB to the hss4 of a craeotfs Iqr 
piBatoietkffltithis1oBKiswa,mwt have mcb how liihls to fisden the 



nam ia the reeeat sad 
thit adopted in biodiBg together tevcnl 
craet^bow; tad 
BocUind sdde, 

the act of iBaraiBg togetho'lti this longjawi, most have aeea how ttahlo ti 
hmer Jaw wooU be, wen it coapoeed of one beae oolv oa saeh lUe,"— A.> 171. Ths 
•aae teaaoning apfte to the coaipoaite conditioii of the loog tgrapaak psdUe la iahsi, 
le each caM the ipUeiBgaBdbfadiv together of thia dak booea of aaefMl leoglh sad ef 
vaiylag thickaew aflbtdi e o mpr nut ioB Ibr the weahneea sad riah of ftactarsthsl wes M Mm 
wiae hate attended the dongatioB of the aaoat lathe abdaaea of the qe csMs s a drtsd 

bdoayaal fiba) aDows of a «g|a 
iwaDaef thatCMllfi aadilase 
BwcMtoftho abdoBasadiiaefiy upon ths 
grwmd,theaoeeMityofthoaodiacatioolbrdimiairirfagiiiMitytoftactagslhrthir^ 
But what we aie here ddcdfeoooenMd in ia the ovSdcaes that the gmanl h 
deaaeataiy porta of a aataial aegaeat ia aot sibeied by the ■ o d J lcsti ea of _, ^ 
eoaapontioB of aoA parte. XThat happeoa to the hsiiiiBn|ih|iisl or lafcetsr eJsswii etf 
lefthecmodOsaieoafbQtaths 



OMor the aaalogoaa oonpodtioB of the haaiyophyaea (al 
change of leaga ia theeipoMloa sad eoatiaelioa of the 
ampUbiooa icptflea, whea oa load, reet the whole wd^ d 
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only the ncnre-tninkfl to be protected by the Dinl oeiirapophytei. Theto 
' are, therefore, more approximated, aod the anterior termination of the nennl 

eanal b mnch contracted ; and, in the tmlicM batrachia, the nasal neoi^ 
apophyiea coaleic e together* 

We recognise in that element (is) of the fourth or foremost inTerted arch 
of the crocodile's sknil, which is in connection with the bodv (romer, u) and 
descending plates of the neorapophyses (prefrootals, m) of the nasal vertebrat 
the proximal w pkwrapophynai element of such aroh ; and the same repo- 
tition of the charaeteristic connections of the bone, ts^ which enabled Cnvier 
and GeoffiroT to recognise its special homolc^ wiUi die palatine bone in the 
fish, establishes its daim to be equally regarded in the crocodile as the plenr- 
apophysis of its yertebrsl segment ; uthough it now alTords but a partial at- 
tachment to the bone si, which forms the next element of the inverted arch. 
This bone, the tomapcgnAyns. has undeigone a striking ehange in its propoi^ 
tioos by development both io length and breadth: it is connected not only with 
nass behind and with no. tt before, but with the elongated spine^ no. is, of its 
own vertebra, and with the lacrymals, 7%^ above ; with its fellow of the opposite 
side below, and with a well-developed proximal dement, no. as, of a strong 
diveiging appendage behind. The httmai ^nn§, no. ss, is divided, and the 
ardi is completed by the symphysial junction of the two halves at H ly. The 
I nasal aperture or entry to the air-passages forms the span or area of the 

I much-modified inverteid arch constitutinff the upper paw of the crooodile. 

I The two proximal elements of the arch, noe. ss and ti, continue to send 

I outwards and backwards exogenous diverging processes ; but they const!- 

* tute a smaller proportion of the bones than in fishes, and both processes di- 

I rectly support distinct bones representing the diverginf^ appekia^ of the 

arch, and serving to fix and attach it to tM succeeding aroh. The plenrapo- 
\ physial append^ (pterygdd, s«) soon coalesces, however, with its fellow 

. and with the centram of its own vertebra (vomer, u), and then expands to 
I unite by a broad sutural surface with the coalesced centrums of the firootil 

and parietal vertebra {% and s). A second osseous piece (ectopterygoid, 
\ s«') diverges from the pleurapophysis extend to the preceding and attaches 

it to the hsBmapophysis, to the hssmapophysid appendage, and to the par- 
apophysis of the trontd vertebra. The strong diversine ray from the hieni- 
I apophysis u teledogically subdivided into nos. ss (mdar) and v (sqnamosd)» 

and firmly attaches the maxillary arch to the pleurapopnysis (is) of the man* 
dibolarone. 

In the chdonian reptiles the modifications of the nasd segment of tlie 

skull adhere pretty dosdy to the type of those in the crocodile ; the centram 

is more independent and better devdoped, but the divisious of the nennl 

I spine have oodesced with their neunpophyses : the diverging appendages, 

ss and sr, are usually devdoped into broad and flat bones. In many lixuds 

we find the nasd centram divided but the neurd spine single: the luenid 

' qnne is, also, sinelcb as a generd role, and sends upwards and backwards a 

process to join the neurd spinc^ divide the area of the hsemd canal, and 

terminate ue vertebrd series anterioriv. The hssmapophysid diverging vj^ 

pendage commonly resumes its long and dender rey-like proportions^ and joins 

( the parepophvses of both ftontd and parietd vertebrss as wdl as the pros- 

I imd end of the pleurapophysis of the mandibular ardi. In serpents both 

divisions of this appendi^ are absent (indicating the inferior diaraoter of 

I the bones ss and sr in generd homdogy), but the two parts of the pleun^io- 

I ]Aynd appendage, S4 and si', are retained and serve as leven in ttie movo- 

ments of the maxiUary arch. The spine of that hssmd arch is dngle^ and 

nly united only by lax and dastie ligaments with the hmmapophyses^ 
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wblch mfty be diTiiricftted like the helves of the nuuidibiilar araht to ee to 
wideo the moath latenlly ; and this free snspensioii and iDeompiHe elosave 
of the prindpal costal arches of the craniam lo serpents repeats ia an Intei^ 
esting manner the characteristic free and open condition of alT the oostal arehes 
of their tmnk. In the genus Tyddopt the diveigtnff appendage of the 
palato-mazillaiT arch is redaoed to the primitive condition of a long and 
slender ray. In anoorous batrachians a long and slender backwaitU? pvD- 
dttced exogenous process of the hsmapophTsis (maxillary) joins a shorter 
advancing exogenous process of the distal division of tlie next nleiirapo* 
physis (tympanic) : but in the tailed species the maxillary areh lefiied on^ 
by a broad (pterygoid) appendage; and both maxillary and 1 



only their essential connections as forming the inferior arch of their scsmenl. 
In the proteus and siren the pleurapophysis (maxillary) Is almost obsofeta 

The bones nos. S4, S4'i ss and tr» being shown to be the least constant 
members of the group forminc the nasal segment* and to form bjthdr posi- 
tion and direction, the divergmg appendages of tiie hsemal arch H iv, there 
remains in the skull of the croMdile only the bone in^ which by its posltSoB 
in front of the orbit and its relatioo to the lacrymal duct* is to be nhmi 
like the great anterior suborbital mucous bone in fishes to the dennal skeje- 
ton. In Tike manner the palpebral or supra-orbital scale-bones are to be ei^ 
duded from the category of the pieces of the endoskdeton. The small and 
ineonstant ossifications in the capsule of the organ of smdlt together widi the 
scarcely ossified sderotals ^ir), the small pettrMal, is» and the eolumdllfona 
stapes, is', are intercalated portions of sense capsules and appendifee re* 
ferable to the svstem of the splanchno^eletoii. 

Thus the endoskdetsl system of bones of the head of the crocodile are aata- 
rallv arranged in four segments, each composed of a centrum with a ne o ni 
and a hcmal arch. The hsomal arches have been aulMected» aa in the tnrnk* 
to most modification ; that of the ocdpital vertebra having been displaeed; 
that of the parietal vertebra detached firom its segment and arrested la Hi 
development ; whilst that of the frontal vertebra is articulated in a i ^ 



proportion to the pmpophysis of its own sej^ment, but chiefly to that of the 



parietal segment, with psrocdpital 

vdoped, the hsmapophysial portion being the chief seat of eiteneioBi ' The 
hemal arch of the nasal segment is also very large, but shows as madk 
excess of development in brmth as that of the frontal vertebra in le^gtk 
The diverging q)pendage is more complex than in fishes: one piece IndesdL 
no. ss, fig. 5, u absent, but three others s«', ss and tr, have been snpendded 
The diverging appendages of the fWrntal and parietal vertebtm eesse to be 
developed in every dass above that of fishes; but that of the oodpHal hsonal 
ardi, thouffh it no longer shows the luxuriant proftidon of rays that dlstlB* 
guiihes it in fishee, begins to assume a more fixed and definite Aander with 
more special powers and independent movements of its eonstltoeot j 



The fint segment (si), doubtfully and obscurdy recognisable in any Cd^ Is 
henceforth a constant and important bon^ and b alwaya sin|^t the 
segment consisti as exdnnvdy of two booesb connate^ indeed, lo ' 



chians : the distd segment presents two jointed rays ^di^ts) in the AtmM 
uma didattyhtM ; three rays in AufpL frtefae^lmn ana t6 proteaa aadmr 
rays in the Sirm laeeFtima ; it branched into as many as nine inya hi thoefr 
tinct ichthyosauri; but they never exceed five in the existing soima^ti^Sek 
number is presented by this appendage In the crooodUe (er, !§• tt.) 
BmU^^The cranium of the bird olfers the extremest inetaSee oTo ho«a 

evidence of tihol 
the 



lo^icdljr compound bone^ and its devdopment the dearest evi 
prmctple of unity of co mp o d tion whiA lies at the bottom of all 
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tioM of Ow eephalie dWision of tlie Tertebnte endotkeletoii. Altboagb^ as a 
general nile^ toe separate cranial bonea can be (Uaeerned only at a very earir 
period, yet in thow birda in which the power of flight ia abrogated the indl* 
catibna of the primitive centraa of oanfication endure longer, and in the 
apedea here teleeted for the tUnatration of the cranial aegmenti (fig* SS) ihm 
conatituent bones of the akully though figured of their natural sise» fiaTC, with 
the exception of the basiocdpital, i, and baaisphenoid, s, and the two bonei» 
a and s, which coaleaoe with the petroaaly i% oeen aeparated bT maceratioB 
merely. I nay remark, however, that in all lurda, certain bones, which 
I coalesce with othen fai the cranium of moat mammals, alwaya retain their 

prindtive individuality; the ^panic («s) and the pterygoid (m) for es- 
•mjrie. 

The hindmost segment of the cranium (V i, fig. 88) ao doselv repeats th« 

r characters of the epencephalie neural anm of the crocodile (fig. 18), aa to 

render a aeparate and full view of it unnecessair for the iUuatration of ita 

vertebral character. The basioccipiCal ^i) atill devdopea the nunor part of 

I the aingle articidar condyle, and aenda down a process, more nuurfced in the 

I atrnthioua genera, and especially the dinornis, than in moat other birda: la 

an respects this primitively distmct bone retains the character of the e t nimm 

} w Ita vertabriL 

The exoccipitala, is, contributing aomewhat more to the ocdpital condyle 
than in the crocodile, developer aa in that reptile, Uie paroceipital (s«^ aa an 
' outatanding ezogenoua ridge or process : but it is lower in pontion than in 
the crocodile : the prop^ neurapcpl^nal charactera of na t are fully main- 
tained. The supraocdpital (s) now beffina to manifeat mora strongly the 
flattening and development in breadth, liy whidi the apinoua elementa loae 
the fomttl character from which tibdr name orisinateo, and are converted 
from long into flat bones. We saw the first atep in thia moat common of the 
changea to which one and the aame endoalcdetal dement ia snlject, in the 
detadied neurd spine of the atlaa of the crocodile: that of the ocdpitd 
vertebra of the same aninud presented another atage in the metamorphoda: 
we have a third degree in tha bud, and the extreme of expanaion ia attained 
in the human aubject (fig. 25, sX ^l^cre the spine b sometimea devdoped, 
like that of the parietd vertem, from two centrea. But the arrested atepa 
in thia strange change of form and proportion demonstrate the essentid 
nature of the part, as the neurd ardb, whflst the conatancy of the charactera 
j of connedon la shown by this crown of the areh of the ocdjritd vertebra 

i having the exoccipitala aa ita pien or haunchea from the fish to the human 

I aolgect. It dways protecta the oerebdlum; ia abaent in the frog where thia 

organ ia a mere rudiment; and ia present in the crocodile in the ratio of 
I the anperior aire of the cerebdlum. The further devdopment of the cere- 

j bdlum ia the condition of the anperior breadth of the spine or crown of 

! the epencephdic arch in the bird. 

i The argumenta that determined the nature and displacement of the hsemd 

I areh of the ocdpitd vertebra in the croeodQe apply with equd force to thai 

in the bird. The extent of the displacement, it m true^ haa been mater: 

' not aeven, but aeven-and^twenty vertebna may intervene between ue place 

I of the acapulo-coraooid areh and the remainder of ita proper acgment con- 

atituting the ocdpitd resion of the simple eradd box m the bir£ But thia 

diflSerence of extent ought no more to mai^ the red rdationship of soch 

eoatd areh to ita centnun, than the degree of devdopment of the. s]dne of 

the ocdpitd vertebra aflMa tha generd homdogy of that dement. 

In the ostrich, and other atrnthioua birda, tha^smd areh of the ocdpital 
vcrlebra haa retained much of ita embryomc proportiona. Tiie 
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pijfnai]pui(si)hKh bIms idaiBcd its ilcoder rib-like font* ; k 
with th« kmma p opkynt (nX ud Um ioTcited ardi m eoMpJcteJ, as ia Um 
crocodile, by ahaemil moc^ ai moch modified ie fom bj flettCDiBr ud c^ 
peotioD a« is the ncmal 111100 l e p f Meale d by the sapiaoc^pital (il^ The 
diveipog appeoda^ of the ocopito-haBflBal ardi also retaiM medi of Hi 
primitiTe simple chaiacter: a loog and slender bone (is) s m motta two nja 
(m, ss), and tbcn is an attempt at three at ST, of wbicfa oae is ahoft* atfophiad 
and anchylosed to the rest In the two small bones (ss, ss) Intopoaed b^ 




tween this and the preceding segment, we recognise the tpecml bomoliMaa 
of the carpal series in the cnxmlile and fish : in si we have the nbn^ m m 
the rsdias, in ss the hmnems, in sr the BMtacarima; inif s and if« the 
ments of the ^ts so nambered in the crocodile (fig. 9S) and the 
(fig. 24). The evidences of the nnitj of plan in the constn " 
scapolar limb^ whether ibbe an arm with the p r ehensi le hand, a 
leg, a wing^ or a fin, are admitted by all; the same aemli^ ' 
brachial, carpal, metacarpal and phalaagtal bones are readily re 
tyro in comparaliTe osteologyin the apc^ the hene^ the 1 * ' 
tortoise and the crocodile, xliebeantifnlsamplici^of th 
of all these adaptations of stmctara is descanted vpoa 
teleological treatises. Bat the higher law govcrmng the eaisteBee of thooe 
special homologies has attracted little afttentkm in this connlry. Tet the 
inqoiiy into that more genend principle of eonformity to ^pe aeeording In 
which it has pleased the Creator of oiganie fonna to festnct the msniftata 
tions of the Tariety of proportion and Aape and snbstanca and erea idatf vn 
position of the limbs requisite for the varions tasks assigned to the 
spedes, is one that by no means transcends the scope of the 



list. And the eondosion to which niy con^arisoiia have eoJMJncted f 

that one and the same dement, viz. tlie diveiging appendtfe of the 
il Tcrtdim, forma in eveiT case— to whatever admitive momfieatioBa 



me is, 

ocdpitd vertebm, forma in eveiy case— to whatever adqrtr 

it may be snlgected— the part reeogniaed by the genend tenn, 'anterior* er 

' soperior eztremi^. 

The second segment of the sknil baa for Us eoiArvf element a boon {§1^ 
8S» %\ which in the bird, as in other ovipara, is connate with that (s) wUek 
standi in the same rebtioo to the third cranial segment ; the proof of tto 
natural distinction of these segments is given by the ncuil, N n, N m^ 
andh«mal,Hii,Hiii,afdieB. Pkobabfy the dfcnmstanee of the botfaa 
of those vertdim being formed by ossifications of the fibrona eupanle of tto 
notochord, representing the cxtenud or cortical parte only ef tnn wtra iBib 
may be the condition, or a Ihvooiable phyrical caase of soeh eon n ati oB. 
The nenrd arch of the parietal vertebra retains the saoM ^aractcrs which 
it firrt manifested in fishes. Besides the m nu np apk i f wu (s) imp t iaa ad by ^ 
meseacephalie ganglia and transmitting the trigeminal nervc% besidea the 
vastly expanded and again, aain fishes, divided nenrd sfdne (r^ tiiejMnqpn> 
phyns (s) is iadcpendently developed. It is of large proporooodsisa; aadt 



owing to the raised dome of the nenial arch, b relativelv lower In 
than in the crocodile; it sends downwards and ontwaide an van _ 

* mastoid ' procem, and forma a large proportioa of the oalv wafl of tfm 
chamber of the intttml ear with the bony capaale of which it ip eed l l y coalaseaai 
The hcmd areh of the parietd vertdm (H 11) is mora rsdaOed dma ia 
the crocodile^ and owes mach of its apparently ^pical chancier to the i»» 
teation of the thyrohyals (4f^ «r) borrowed Iran the bruchid aieheaef the 



* Ths twy c i siw ■ p Jlle s H m tiktm ^iMA fUm rifti asi sfy is hssssrfaim. 
s—dsd iirtotts hwsd icifls sf msa sad othw MSmissHs, bwumiIo hsfs hifimnssdOhm 
bldiidisofthaibassbrisgthshiiMliiiiirofa rwyriaTtfitts. |{ 
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▼boenl ■jttemt which ve feeblj and tramttbrily niftiiifcfted in the cnbiyo 
Ufd. These tporions cornua pnyeei freely or are ftedr raspendedy and ar« 
the ral^ects of ^s olar and exceeuve derelopmenti aa baa been exemplified 
in the chapter on Spedal HooMlogT. 

I The bones (it) or the third neum arch protect a smaner proportion of the 

prosencephalon than in the eroeodile» but maintain their tumni^opkynainiMf 
tion to it and to the optic nerves: the 9mtraltpine$(i i) cover a larger proportion 
of the hemisphereiH and» with their homotypes (r}» exhibit a marked increaao 
of development in conformity with that of the cerebral centres protected by 
their respective arches. The parappphj^ of the frontal vertebra (it) as 
relatively smaller in the bird than in the cold-blooded Tertebrates» and ia 
rarely ossified from an independent centra ; but Ihavn seen this in the emeuy 
and it appears to have been constantly an aatogenous element in the dinornls* 
The haemal arch of the frontal vertebra has been transferred backwards to 
tiie parietal one; it» pieun^>ophfn$ (n), which is simple^ as in the crocodile^ 
nrticalating exolnsivdy with the parii>tal parapophysis (s\ though this In 
some birds unites with that of the frontal vertebra. In the Toung ostrich 
and many other birds traces of the composite character of the Mmt^fopl^Ht 
an long extant; and bear obviously a homological relation to the teleologi- 
caDy compound character of the element in the crocodile : for the pieces^ 
nos. m, tt', St' and si ultimately, and in most Inrds early, coalesc e 
with each other and with the Acaui/ ^pme (st), the halves of which an con- 

' fluent at the symphysis. 

The eaUrum (u) of the nasal Tcrtebra is always mgle^ and, when it does 

I not remain distinct, coalesces with the nenrapophyses, ii, and pleurapophvses^ 

as, of its own s«^ment, and sometimes, also, with the rostral production m the 

* frontal centrum (t) : It is elongated and pdnted at its firee termination, and 

deeply moved above where it receives the above-named rostrum ; indicating 

I by both its form and position that it owes its existence^ as bone, to the os£ 

I fication of the outer capsule of the anterior end of the notochord. In the 

ostrich the long presphenoidal rostrum intervenes between the vomer (is) 
■nd pralrontals (m). These Istter bones manifest, however, as has been 

I diown in the paragraph on their special homology (p. 814), all the essential 

ffSKrcpqpAytaa/ ralations to the rhinencephalon and dfiu^ory nerves s but 
they eviy coalesce together, or ara connata, as in the tailless hatrachians. 
The tmtrai tpbm ^u)is divided along the middle line; but in most birds the 

' autnra becomes obliterated and the spine coalesces with its nenrapophyses, 

I with the frontal spine and with those parts of the hsmal arch of the nasal 

I vertebra with which it comes in contact 

The jplUMTOpopkifwu (fls. 83, tt) of this inverted arch retain their typical 
connections with the nassi centrum and neurapnphyses at one end, and with 
the hsmapophyris (ti) at the other end, and th^ also support the constant 

t element of the diverging appendage of the aroh, no. st* The Atfmqpo* 

plyjtt (ti) resumes in birds mora 3t its normal proportions and dongiSed 

j slender form: but the haamai ^pkm (n^ is largely developed though undi- 

vided, and sends upwards and baekwanu from the part corresponding to the 
sjmphysis of the spine, when this element is divided, a long pointed process 
* («t'), which joins mid usually coalesces with the neural spine lu) and dividea 
ttie anterior outlet of the hnmal canal into two apertures called the nostrils. 
The modification of the inferior arch of the nasal vertebra in the liard tribe 
ia here repeated. The pleurapophysbl ssppsmia^ st, connects the pali^o- 

! maiillary arch with ts, and in the ostrich and a few odier birds, also with s: 

the second or hsuni^phyMal ray (rf tibe diverging appendage is devo- 
loped In all birds, as in the squamate saurians ; combining the 
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of the h«nial arch of the nasal Tertebrm with thai of the fkootal Ttitebn^ 
and consiating of the two ttyUform octidea (« and «y) whidi extend horn the 
haemapophjtis, si« si", to the pleurapophyabyw : the eaiential rfiationahip of 
the compound nj» m and tr* with the naial vertebra, ia indicated hj tadr 
becoming confluent with ita haemapoDhysia (at it"), whilat thej alwaja buIb- 
tain an arthrodlal articuktion with the pleorapophjda (») of the anceeeding 
Tertebn. 

The bonea of the tplanchno-akeleton intercalated with the augments of (be 
endotkeleton in the bird's skull are the petrosal (isX between the neoral 
arches of the occipital and parietal ▼erteonB^ early eoalesctng with the ele* 
ments of those TeitebrsB with which it comes in oontact : the sderotala (irX 
interposed between the frontal and nasal neural arehea : and the thyio-hyalB 
(46,47), retained in connection with the debris of the haemal arch of the partetal 
vertebra, H 11. The olfactory capsule remains cartilaginona. The dermal 
bone (ra) is well-developed and constant: a second supraorbital dermal bono 
b occasionaDy present. All the endoskdetal bonea manifest^ under everf 
adaptive modifleiaion, the segmental arrangement* and it ia diflleult to eon- 
template the disposition of the cranial boMa in fig. SSt aa in figa» 99 and 8^ 
around the primary segments of the encephalon In the aeries of aichea d oaed 
respectivelv by the bones N i, N ii, N iii, N it, together with thai of the 
correspon<ung number of arches doaed bdow, at H it, H ui» H u and H 1^ 
without a conviction that the type illustrated in fig, 15 b that upon whldi 
these segments of the skull have been constructed. This oonduaion mi^ 
seem forced, in respect to the ocdpitd vertebra, wera its dimlaoed haemal aitb J 

and ^>pendiiges to be viewed wiUiout nferenoe to thrir idative podtion and 
connections in the lower vertebrate cfauaea; but it will be eonfinned and \, i 

shown to be agreeable to nature and to the leeogoiaed kinda and gndea of 
modification to which the dements of one and the same vertebra are aubieBl^ 
by observing in the young bird the dbtinct pleurapophvsid dements of flioao 
cervicd vertebras, beyond which the corresponding dementa of the occ^t 
have retrograded, in obedience to the functions which the haemd arch of 
that vertebra and its appendagea are destined to perform in the feathered 



Mammali. — ^If the foregoing views of the general homology of the 1 
of the skull be agreeable to their essentid nature, we diould expect thai dM 
new and additiond modifications, in the mammalbn daaa^ whidi tend to 
obscure those relatione would be seated in the appendages and peripheral 
dements of the endoskdetd segments^ or in the capsules and appeodagee of 
the specid organs of aense. 

1 have sdeeted with the view to test such antidpation the skull of a young 
pachyderm*, and, after suocessivdy disarticulating the segments in the order 
in which thev have been previously described, I have given a side view of 
them (fig. 24*) arranged in correspondence with the figures 93^ 99, and & 

The neurd arch of the ocdpital vertebra, N 1, agrees with thaiof dai bird Md 
croeodile in the codescence of the pcane^pophjfsUf 4, with the 1 ' — *- 



s; but the process, 4, now descends from the lower part of the arch, aad^ 
as in many other mammals, b of great length. An articular condyle b dao 
devdoped from each neurapophysb which articulatea with the oonoave a^ 
terior xygapophysb of the alba, and b the homotvpe of the posterior BygB» 
pophysis in Uie trunk-vertebrsk The oentrum (1) b reduced, Uke thai of 
the atlas, to a compressed platcb and its hinder articular surCSue b not 1 



•Thstkull of the rambsatbpcriiapsitin better adapted is dsBMaatnto the 

nbttonsoftlMcnBialboBcti that of the ahecp h ttir nitijirt rf the tfJMiim fta thh 
poM iB the eoMlBdii^ vofauM of My* Hantariaa Leelana.* 
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devdoped Uum it the IWmt om of iht oentnim of IIm •IhM, wIUi which, in- 
deed* it it lootel J eoDiMCted by Bgament. The ezpenae of the occipital 
q^e, t, liet been governed* acreenblj with a foregoing remnrfc* by the tn- 
perior derelopment of the cereDeDnm. 

The hnnui arch of the occipital Tertebra it repretentedv like thote of the 
eenrical vertebne, bj the pUwrapopkywd clementt only (ti); but theie» in 
mott mammalt, are derdoped into broad triangular platet wiUi ontttandins 
prooenet: that called < tpine' and 'acronuon* it ezogenout ; but that called 
* comeoid' it alwayt developed from an independent otieont centre (a mdi- 
mental repneaentatiTe of the hoBmapopk^m^ it)» which coaletcet with the 
t pleurapophytit in mammalia, and only attaina ita normal proportiona, com- 

pleting the arch with the haemal tpine (epittemom) in the monof 
In many mammalt the arch la completed brbonea (fig. 85, n') 
the hmmapophTtea of the atha» which have followed the ocdpital 
in ita backward dtaplacementi bat not quite to the aame extent 
I The diveiging appendage^ though retaining the general featoret of ita 

1 primitive ramated form, hat been Uie teat of great derelopment and much 

modification and adiuttment of itt difibrent tubdivitiont (ta-^) in relation 
to the locomotive office it it now caDed upon to perform. 

Wth Uie exception of thia ezeett of development of the appendage^ the 

defective development and diaplaoement of the l»mal arch, and the ooalea- 

cence of the parapophyaea in toe neural arch, there are few pc^nta of reaem- 

blance which are not mffidently lalient between the aegment N i, H i in Uie 

I mammal, and that ao marked in the fith (fig. 5). And, if the interpretation 

I . of the more normal condition of thit t^ment in the lower vertebnte, ae> 

I cording to the archetypal vertebra, fig. 15, be accepted, then the ezriana- 

' tion here off'ered of the nature of the moaificationa of the apedal hpmologuea 

of the oonttituenta of the occipital aennent by which that archetype b 

matked in the mammal, may be oonfidenUv left to be confirmed by the 

judgement of the unbiaaied tUident of homdloffical anatomy. 

In commencing hb comparitona of the aecond aegment of the akuU with the 
^rplcal vertebra, he will be unexpectedly gratified by finding, in the immature 
mammal, the eenlriMi, a, naturally diatinct, and the haemal arai,Hii, retaining 
ita connectiona with the reat of the aegment, and by meana of a more com- 
plete development of the plenrepophyaea (») than in any of the inferior air- 
breathing vertebiatca. He may now aeparate, without artificial divinon of 
any compound bone^ the entire parietal aegment, but he bringa away with it 
the petrified cqiaule of the aeouttic organ, and the anchyloaed distal piece (tr) 
of the maxillary appendage^ which more or leaa encumbera and oonceab the 
typical character or the neural arch of the parietal vertebra in every mammal : 
leaat ao^ however, in the monotremea and ruminanta. The netir^pqpXiyaw (•) 
of the parietal vertebra, like the meaencephalic aegment of the brain, are but 
little more developed in mammala than in the cdd-blooded cfauaea: they are 
notched in the hog and perforated in the aheep by the laraer diviaiona of 
the trigeminal, andthey aend down an exogenoua prooeaa, which articulatea 
and aometimea coaleacea with the appendage (m) of the palato-maxiUary 
arch. The matnd 9pam (r), alwaya davdoped firom two centrea, often vaatly 
expanded, and tometimet compucated with a third intercalary or inters 
parietal oareona pieces ia oocanonally uplifted and removed from ita nenr- 
^ apophyaca by the interpoaed aquamoua expandon of the bone tr ; but thia^ 

which reminda one of the oocanond aepantion of the nenrel areh from the 
centrum of the adaa in fiahea, ia a rare modification in the mai«f lUi^ data. 
A atiQ rarer one ia the aeparation of the halvea of the parieto-nenral qiine 
fram each other by the cztenaioa and nmtual jnnedoo at the median line 
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of the ocdpital and firoDtil tpinet. A apednea U Mt, in a ipceiet of * 
Gb6iw, which repeate the oommoD modifioatioii of the paita in fishes it pi^ 
•erred in the miuettm of the Rojal College of Saigeom. ThBfompopfytk 
(•) always commencet ai an aatogenoiu mment bj a dittiaet oentva oiP onl* 
ficatioo, as shown in the human fcetos, fig. llys; it speedily ooaleseea witii 
the petrosal^ but otherwise retains iu indiTidaality in some of the lower flsaai* 
mals» as e.^. in the echidna (fiff. 1% s): or it coaleaefs with the oottailed 
frontal pleorapophysis «» or with the maxillary appendage tr, or with bott 
these and the plenrapophyus of iU own Teitebim (»X ^^^^ ^ oomples 
'temporal bone of anthropotomv Is the rasolt. In most mamnials thepmrw 
t^ophym (») retains its primitiTe independency and rib^ihe lbfn» with 
usually the «head' and 'tubercle*; but ^ reason of its airested growth it 
has been called ' styloid' bone or process. Sometimes it is separated fkom 
the short hamapophifnt^ «•» by a lone ligamentous trsct^ sometimes it la i 

diatdy articuUted with it, or ■- -' — '^^ * ' — ^ 

is usually small, but thick and 
elements (4s) are retained as dive 



diatdy articulated with it, or bv an mterreniny P*^eik The hmaijfim^ si* 

divei^ 
in all mammals, and have received tEe special^Bames of 'posterior 1 



ways single, ite mdioMBts of hypobranehlal 
rerging appendages of the parieto4iBaMl arak 
Ived&spc^Dam^ 



or ' thyrohyals,' from their subsenrient rdationslup to the Ufynx. 

In the frontal segment the esmnon, s, and muKrm a p kjfmit iS| very eaifr 
coalesce. Two separate osseous centres mailL out tte body 0kf, Kt CtsX 
and each neurapophysis has two dirtinct centra (iSw is» is), the i^tio foiafldim 
(op) being firrt surrounded by the coune of the ossificatioo from these 
points. The superior development of the neursponhvi^ plates(fig.SI^ isX 
as compared with those of the parietal vertebra (s\ m moat mamniali^ hai^ 
moniseswith the greater development of the prosencqihalon t but the chief 
bulk of this sesment of the brain is protected by the expanded apines of the 
frontal (11) and parietal (7^ veitebns, and by the intercalated squamosala (tr). 
In manv ruminanta the oifid element 11 developes two spinona proeemce 
placed Side by side as in the anterior trunk-vetimm of the IhCroms; b«t 
they prqject beyond the integument and are caDed * honia.' Thei 
piece (tr) not only usurps some of the functions of the proper < 



physes, but, likewlie, the normal office of the frontal pMrapophyria (ss)^ ^ 

' areh (ss,tt)b whl«i ] 



the support, tIx. of the distal dements of the hmmal areh (ss,ttX whl«i now 
articulate directly with t7,in place of ssaa in all oviparooa irerlebrates. Tim 
true/»fetcrti;pqpAyfit of the frontal Teitebra (ss) is almost restrieted in the 
m a m mdian dam to functions in subserviency to the omn of hearingt la 
sometimes swollen into a laree bulla ossea, Ittbe the paiapophyses and pfenrapo- 
physes of the cervicd ▼ertebrasof CUttff^ FI.L^7»|m;«; it Is aomethiico 
produced into along auditory tube, and sometimes reduced to the rii^ sappofi» 



Ing the tympanic membrane Yet, under all these changes, ainoe Its ««oial 
homology is demonstrable with ss in the bird (flg.S$) and crocodile (4g*i8> as 
well as with the tdeologicaDy compound bone, ts «, 1^ c^ <( in the fish (fig. 5X 
so likewise must its generd^homologT, which is so plainly manilbsted ik 
the fish, be equdly recognised. The frontal toeMyrmiiywg (fig. S4^ ss, as)^ 
and the corresponding hslf of the hmmai tpum faSu ») are connate on each 
ude in all mammals, and become confluent at H iti, in most The hmmil 
arch of the irontd segment of the skuQ, as in other air>breathing vertebrateib 
has no diTcrging appendage, unlem the tympanic otosteals bo ao v^gorde^ 
an idea which b not borne out by thdr devefopsaent 

The nasd segment (N it, H iv) is chiefly oomplioated by the oonfinenoe of 
parts of the enormously devdoped olfactory capsules (is^ in the 1 



and its typlcd character b masked by the oompt emion and mu 
leseenoe of die meun^Mf/J^iet, 14. The cmCmm b usoally much eloogalad. 
' IS, and soon ooalesoes with both wsmiipqp^iiesi (is) and nasal: 



i 

i 
I 



V 
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kite 



bog. The mmni mJm (u) fa mmIIj gvide^ bt fa witoii rintft. 



tMM& BM ito n 



•i («) or proxiBal dcmot of the teml areh of the iiaal irefw 
ito real dMneler and import afanort wowJed hyihe ei CMMf 
m of the teeood dement of the areh (tiXwhk^ KMunes k BMMi- 
thow esteofive eonateral eonneetions wldtt it n wm ited is the cio- 



eodile; eodtowhi^areMaMiimeieddedattedkmeatitothecspomledaiiiM 
ol'tiiefit»lalircftebffa,aavcllaitothatofiteoirBeegmeBL The pfeerapo- 

I however* bendes ite DOfmal attach meat to ita < 



ph Jim hovevcff bendes ita DOfmal attach aieat to ita eentraait 1% iciidi ap a 
proeem to the oribit, ia ofder to effcet a janelioB with its Deonpoplmm whidh 
a oaM ^m ea eppeaia there, ai the ' oa pimmm' of ai i lhn ipo i omy, Ihe iemril 
merm) i^Qevdoped ia tiro BMiictiab whidi never eoalene togedwr, al- 
uoag^ m the bi^mr mpm^ and at a very cailj period ia nna^ eaeh half 



with tte bmampophjM, and icpcati the daniie dmiaeler of the 
Its (fami) of the soeeeediBg (maadibalar) ardk 



1 The gBFifrnfralnr demeat (m) which diveig^ from the picoiapophpfa 

i (mVeontribateatofizaBdatraigtheBtbepahitOHBaziDafyaidibyatlaehiim 

I H to tedcMcndiiig proeem of the parietdceoti«m(t): with whid^iB moat 



— ^italtimatdyooaiiaccfc neother dementi of the 

i bcr of tlie areb eorreqpond in nnmber and in the point of didr 

with thow in biid% didoniaM and erooodilca. They am two in 
; eaiA otiier, and both beeoBMtlie mat of that eiqiandve 



whiA fa foltowedbjthemnltidieationof didrpQinlaofoameetion; 
the proumd piece (*mahr*M) artieabter in the bog not oal^ with the 
hKaHqpophvm(si) from which it divcfgei, bat lilEowiie Witt the 
bone^fi. The 



dntal pieee of tte i^ipeiidage (aqaamom^ tr) 



di vq gei, and fizet the naio-hcBud afeb not od j to the 
pbydi (m), bat abo to the frontal, parietd 




oT 

caip^ 



and oodpital 
. .r-«-* ^'■^•AMd% in the ho^aa mother 

1 to the frontd hmB mp oph jib (m> 

The devekipoMnt of an omeoaa centre in tte cartilM of the an 

the hofl^ and the bomologooa < jirenaml' oande in certam lldie% the 

I c^^ mi^ be r^arded m mdunente of temund abortive aKmenti 

il anterior than tte naml vertebra. ThemolMiedpointaof omificationui the 

L vonierhavebeen,abo»deemediDdicatioDiorthatbonebeinc»likethevomer- 

i ; ine coccy g ed bone in bird!, a eoalcMenoe of wverd vcrtdird bodiei. Of 

eonrm^ d priori^ the a^gaienta in the cianid R«on of tte cndookdeton 

mi^ aa reaaooabiy be expected to vary in nanmer in diffbrent spede^ w 

the mgmenti in tlie tlmircie or mcrd regimis. I have not» howmr» been 

able to determine dear and mtbfrctoiy repremntativea of nKMw than foar 

▼ertebrm in the aknll of any animd ; and the apecfal omillcationB ia the naml 

I cartilages appear to me to bdong to the same category of oswmwis part^ aa 

I the palpebral bones in certain erocodilca and the otosteiih^i 

I Junu— Arriving final]y» in the asc ea d ve stfkrey and comp a rison of the 

. archetypdrdationsofthebonesoftheTertebrateskQll,atMan,thehlghertaDd 

I «MMt modi6ed of all omoic fonnsy in whi^ the dombuon of the controlling 

and ipedally adapting force over the lower teaden^ to tjpe and vcgetativn 

repetition fa niamfested ia the strongert diaraeteri^ we^ neverthdesB» find the 



Bd in the preeeding parsgraph and diagnun, SO dosdy adhered to^ 

aa to can for a bnef notiee only of those developments of the '^^^^^ ^ 

I wiaA imprem apon the fanman skoD its ^aiacteriitic form and 



p r Bpo rt wusi 

Theneardarehoftheocdpitdvertdnmdilibnftonaatof thohM by 
a modi greater devdopasent of the nevnal^ptae (fig. 25^ s) and a mneh km 






j 

I 



1 s 






\ 



fc'n'-fi rmSS^ttrntt^ 




QBNBBAL HOMOLOOT. OAAMIAL TBBTBBmjB. ISt* 



developmeiit of the parapopbyKi- TMiy m in other mammalia fa aot only ib 
ezogenottf procett of the iteiifmcpAjfnf^ i, but fa eommoiily itdoeed to a 
mere ** scabrous ridge extended from the middle of the coodjle towards the 
root of the mastoid process" (Monro. Le. p. 78)— the ^ emlnentia aq|wia 
musculom rectum lateralem ezcipiens " of Soemmerrinff : the kaowledgo of 
its general homologj, howcTer, makes quite intelligible and givea its tiVB 
interest to the occasional development of thfa ridge into a *parai 
or parocdpital process, which now, howevery projectsi like the tp^ * * 
downwards from the basal aspect of the cranium (amtt, p. flO)> 

The occipital pUftrcgpopkytUf pi, si, sliows the same dfaptaeement as Ib 
other mammals, but fa siiu more expanded in the direction of the tnmk'a 
axis, and its exogenous (acromial) process fa still more developed. The iiim 
qpcmAym (st), originally distinct, lias its development checked and speedfly 
ooalesoes with the pleurapophysis. 

If the bone tt' be the special homolosne of the.bone, ss, PL L fi§» 9» ia the 
fish, — and considering the backward displacement of si and •% its anterior 
position to them in man fa no valid aigument against the detenainatioi^ 
then we may adopt the same general homology, and regard the davicls^ ia 
its relations to tlie vertebrate archetype, as the displaced hsunapopbyaial 
dement of the atlas, to which s^ment its true relative poeitioo fa showa la 
the same low oiganiied class in which the typical podtiOB of the ae^miar 
arch fa likewise retained. 

The adaptive devdopmenta of the radiated appendage of the oedpital 
hsenud arch reach thdr maximum in man, and the distal segment of the ap- 



pendage constitutes in him an organ whidi the greatest of aadcnl phUoaa* 
pbers has defined as the '* fit ins&iment of the rationd son! t" aao whioli 
an illustrious modem physiologist has described ** as bdonaing exdodvely to 
man— as the part to which the whole frame must conform^. Aadthesecs* 
pressions give no exaggerated idea of the cxqufaite meehaalsm and aiQait^ 
mentof itapartk 

It fa no mere transcendentd dream, but true knowledge aad Icgitfaale 
fruit of inductive research, that dear indght into the csspiSal aatara of tha 
oigan, which fa acquired by tracina it step by step ftom the aabiaaehed 
pectord ray of the protoptema to the equdly email and dander bat bifid 
pectord rav of the amphinme^ thence to the similar but trifid im of tha 
proteus, and throuf^ the progresdvdv superadded atmetares and peilba* 
tiona ia higher reptOea and in mammala. If the vptdal hom ol < ^ of eabb 
part of the diverging appendage and its aupoorting arch are l ao i^g al sa b h 
from Man to the fish, shall we dose the mind^a eye to the evideneea of thai 
higher law of arohetypd conformity on which the very power of tiadng (be 
lower and more spedd correspondenoes depend? 



Until the allegied facta (p. 117) are disproved, dfaMmstratiiy ^aafa of. 
podtion to be one of the modifications by which porta of a aatard aad f»- 
cognisable endoskdetd smnent are adapted to wp^eM ofieoi aad aatil 
the oondudons (p. 1 18) deduced from those ftds are showa to be ihOadoai^ I . 
must retain the oonriction that, in thdr relatioa to the vertebiala ardietypeb 
the human hands and arms are parte of the h e ad , divergjagappead ^ga i of 
the eoetd or h»md arch of the oodpitd acgmeat of the akaaf. 

• Bdl 

t Atuotbsr 

iQgfglTnIo thsfiMkt of •bBomal siiiitosiy la ththvMB ■ndis,I«sydfalheiwini 
Su CMS dcMrilMd bj 8ir a BcD («»•<<< F ftS)f of thsbof •bonirilhoetnn,'--' hat vie 
haddavishiaiidiciyala.' HsmWrclopsMiH wss siisHedstthsfsfatsliHdABfaaenid 
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Tilt eadnm, f c^ <»f the puielal ▼otriMm giv€i» ia the hnmaii fcHoib tte 
■MM eTidnce oT it! flMBtU iodindaalitj, by the MBe abMBee of the Bnik 
ef eomatioo iHiieh MNnewhat ccqmIciI it id the 



we have alreaify Mliecd m the lower neouBal (fi^. Sil The 
^y^lMf (•) rife hi^cr to reach their proper 4ptiic(r)iD the loftj 
ef naa^ of whieh that dinded and cnonDoarij eipaodcd dement fonne the 
greateit part of thereof : bat the bate of the aeonpophjaf cootinaei to be 
perlbnted bj the homologoas diTHions of the nerve (ir) that notchce h in 
the eod-fish (fig. S, •ir). The pawapogJ ^ ^ (t ) retains its antogenons or 
independent cttaiacter in rdalioa to ite proper nCTral arch, the 'additamentad' 

d relatiooel 



t bj wludi it anuiilato its nonnal relatione to tlie nenral ipine (r) 1 
penistent; bnt it speediij t oe lM C C i with tlie aeoaitie eapsale^ m (from 
whieh it is artifieiaU^ smurated in fig. 85^ and with the niodified jifawi^i^ 
nl^ynf, a, as lias been abcadj eipianicd in the dmpter on ' Speeud Homo- 



I 1oef*(14astoid,ppw»^> 

The proper pfen r q pqpiyiiii (mi) of the parietal vertdira oidinarily beeomea 

eoofincnt with eont^ons and eoalMeed portions of tlie perapophjris s» and 

A aooBstie eapsale^ is ; and the omified portion of the kttmutptipkjfmgt «• A. is 



separated from it by a long ligamentons traet^ and beeomcs oonflnent with 
T*e 



the AtfMof ^pm^ 41 iU. The entire inverted areh exhibits the usual arrested 
growth dnuaetcristic of the air-breathing vertebntea^ and its appendages 
ented by the stiU retained * hypobranchial* dements. Mt of the 
ardiesb whidi are so vdununoosly devdoped in the Ibh. 
I ~ The e wlnua and acnrvptpi^fMs (•» is)of thefrontd vertebra manifest the 

s ame s peed y co el c scence as in odicr m a minal a. The ^pm^n, though developed 
from two Intend aaoietic% regains its nomud unity, m a general rnleb id nuui 
by the obliteration of the median suture: its transveise and vertied ezpanie 
here attain their maiimnm. Tht pampofkifm (is) is devdoped, as in the 
oeeimtd segment, as an ezogenoos proceaij eaDed *esternd angular or or> 
bital' in anAropoCoonr, but from the nenrd qdne initead of the nenmpo- 
physis. This deasent IS perforated by its ehameteriitic nerve (»V The^lnn^ 
«pqpilyssi^ m» ia BOW separated from ita p arapoph ysi i^ is, by both parts, tr and 
sfyofthedivereingifipendageofthemaxinaiyareh; but yet it is interesting 
to note that it is still connected through the medium of these with the tame 
I element to which, agreeably with the greater retention of the vertdirate 

I ardietype, it directly aiticulatea in the fish (fig. 5» it, ts a^ The inter- 

|, calated piece (tr^ further interposes itself as in other ■*^—'~'«^ between 

the plearapophysis a, and haniMpophysi% ss» of the frimtd segment, directly 
articuhting with the latter and leaving the praximd dement of the arehfts) 
^1 reduced in man to its subordinate function of sustaining the ear-dnun. llie 

' .s^andAcao/^pM^n^ are connate^ and soon coalesce Witt their 



Is thsAiH»» i»h is i» i M, sad 10018 ether HmblcMMdi^toJksBMrffc Tte 
doBiBsliaK defdopsMflt of the icqpslBr ippeadan bas brad io fRfslotsB idn ( 

srJJMtscfaradcrofthtn^pcrtii^iith^tliat&fiiitffsoftihssrahMiaMtl 

sfe, ii sAfcrtcd to not wiUioat s BoU of aupriM ia the abofra-dled sad other ezcdlos worio. 
Goerd bonoloBr, bowcftf , tcodMi tliat s vertcini arab ii s mora ooaitaiit tnd Inmortaid 
' liteappoidogioi sad, that, bdsg antorior ia tho ofte of dowdopmoit, it my bo 



la cam vhera devdopmcat ii ancited, whcthar BormaDj la aoeordoBOB with the 
orthoipedeiorabaonallTSiaBiBdMdBdi' 



iridad detet, tobo prawBt irhea the divagtac 

Sir ChaiUi Ben, weD loeoaniiV tho primaiyfindioa of the modi- 

rvn. Si rdocaee to the abova-dtsd can, '^ Ws 



I oecQitd lib ia idatioa ta bnothiag, obwrrai, i 
voidd do wdl to TCmembcr tfaii doable oOoa of the acaida sad ill araidea, that, whbt it is 
dm vary fMBdalloa of the boaei of the afper dtramity, sad Bcver wmrtfag ia aaj aafaui 
daa has tho mort icmoto maDUaaee to aa arm, It ii the oratra sad poiat d'appa of dm 
maidsisfrs9iiali0B,aad sets la thstopaci^ nhsnthera sra ao oticmlliiiai dll' 
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oppositetattlieBympliT^iDenti; and the whole distil portloo of Uiaiavtitail 
arch of the frontal segment b then formed by a eontinnoiis her of booe^ modi* 
fled in its form and articuUtiony and by its dental appendage^ io anbacTf l e y cy 
to mastication and other functions in relation to the hwnan nMMtk 

We recognise the eaUntm of the nasal veitebra in the hnaMD akoil bj the 
positicm and connections of the bone^ is, notwithstanding it has undeigooe 
as extreme a divergence firom the ordinary cylindrical shape of snA sleMOBti^ 
as ito homotype at the opposite extreme of the vertebnl oolnnm !■ birda* 
which Cnvier compares to a 'soe-de-charrae' : it is^ in fiust, more compteawd 
and vertically developed than in the hog (fig. 24» is) ; bat H is shorter* and 
commonly retains ito original indiTiduah^. It directly snppofta th« aimaailT 
modified compressed andy also^ coalesced meunmopSj^wu, m, whieh» tetnu* 
nating in like manner the series of their Teitebral homotypca niileriofly, banra 
nndeigone the eztremest modification* But the a rg n mento provuf the 
coalesced prefrontals of the froff, the bird and the mammal to be the speeial 
homolognes of the bones so called in the fish, establish, as a eoraOaij, their 
general homdoffy with those bonesi which retain in so much gnater a dqprM^ 
and nnmistakeabiy, their neurapophysial characters in that lofvest daas of 
cold-blooded vertebrates. The nature of the additioiial eoBipUcatSoii by 
whidi those vertebral or archetypal characters are fnither masfed in naaa- 
mals, has been already ezplainea in rdatUm to the nasal Beainpophyaaa of 
the hog. The olfactory nerves are transmitted in man, aa in tikat and mosi 
other inferior mammals, by numerous foramina, i% oIL The narndtpum^ is» ia 
divided, but much«restricted in ito growth, and pr es ento a aingiolar ooatiaal 
in that respect to ito homotypes, ii, r, s« in the sooeeediog oamal vertebras. 
The development of the neural ardi of the nasal vertebra is ao ""WKfififd in 
man, so contracted as well as retracted, that the orbits^ instead of beim| 
pushed apart and directed laterally, have apDraxiiBatod by a Und of laS 
procal rotation towards the median pUne^ ana have thna gamed a direedy 
anterior aspect 

General homology jpahm best explains the import of the oontinaatioa 
of the small and seemingly msiffnificant bones (a, jj} tiom the loof of tha 
month « up the back part of the nostrils to the orbit," whera thcj an 
connected "to the ouaplana and etHmkt tAmokhm by thaethnwid i 



That the connection is the best possible for the AinetiQaB of (ba 

mav feel assured, without the sentiment 

at the same time, the attempt to retain the typc^and repeat 



^ feel assured, without the sentiment being damped by &eerai^g fa H^ 




nections of the0£n»«^pap^btiif in question, not only with ito eentnnaf voaerX 
but abo with tne modined neurapophysea of ito proper aBgineut (\ ' 

tals with coalesced dfiictory capsules constituting the eoa sp o un d * i 

bone*of anthropotomv). Ine conneotions of Uie pleunfophyaisbsi^ with ito i 

hsem^Mphysis, si, in fironti and ito diverging i^ipoidan m, behind, an alao I 

retuned in man ; and in diort, all those characters that, depend i n g on the 
essential nature of the palatine bone as the pleurapophysto of ito 1 



segment^ have served to indicate ito special homology mm man to dm ish^ 
without doubt or difficulty, to all anatomisto (see Tabia L> 
The kammopkifm (it) has the usual mammalian enusioa^ bat b am* 



anally short In man, and coalesces unusually eaiiy win the 
moicSy of theAtfmafAiMs(is). Beddea thte normal aad 



tions with as and is, the hsemapophvsisb si, artiealatca wi& ito Allow, witk 
the centrum (»)» neun^^hysis (i4, os plannmX 9aA q^oa (ul ef ito 
own vertebra, with the spine of the frontal vertd>ra (ii), with t£a dftarbed 
nortion of the olfactory capsule (it), and with the nrae^dennal bone (rsV 
It also afibids a large surface of attachment to dm pendrnd niaea of 



I 



♦ 
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its direrging appendage (»)» which, in addition to the mora constant eon- 
nectiont with si and tr» articulates in man with the neiurapophysb (m) 
mnd parapopbTsis (is) of the frontal Tertebnu The distal extremity of the 
aeoond bone (v^ of ttie diveiging appendage attains its mazimam of ezpan-* 
aion in man, and besides its connection with ts, and the glenoid articdatioB 
for the haemapopbyus, ss, it joins the parietal nearapophjtis, s, and spins^ r, 
and sometimes also (in the melanian race) the spine (n) of the frontal vers 
tebra : and it speedily coalesces with the reduced pleurapophysis, ss, of the 
frontal vertebra, and with the parapopbyns (s) of the parietal rertdMra, to- 
gether with a portion of the capsule of ttie acoustic oigan. 

In reviewing the general characters of the human skull in reference to the 
vertebrate anwetype, we find the occipital segment simplified by the atrophy 
and connation of its parapophyses and hsemapophyses; and modified chiefly 
Hy the excessive growth of its neural spine and pleurapophyses, and by the 
backward displaoement of the latter element, as in all other air-breafthiqg 
vertebrates. The parietal segment, retaining, like the occipital one, the mora 
normal proportions of its centrum and neurapophyses, is still more remark* 
able for the vast expanse of its permanently bind spine. As in most cold- 
blooded vertebretes, the parepophysis preserves its independence in rofiect of 
the neural arch of its own segment. The haemal areh retains its almost ftetal 
proportions, but is less displaced than in some of the inferior air-breathing 
vertebrates. The primitive individuality of the centrum of the parietalvertebra 
is a feature by which the human subject, together with all other mammaK 
manifests a closer adhesion to type thui is observable in this part of the skull 
in any of the oviparous vertebrates, and it shows the necessity of extending 
comparisons over the entire series, and not deducing the vertebrate areho- 
type acdttsivdy from those inferior forms: for although it may be upon the 
whole best retained in them, yet the modifications superinduced in i 



viency to their exigences, and by which they diverge to that extent from the 
common plan, and, as a series of spedes, mm the common vertebrate stem. 



may affect a part which the condiUons of existence of higher forms do not 
j require to be so masked. The early ossification and large proportional siie 

of the hyoidean arch in the human embryo is very rignincant of its true 
nature and importance, in retation to the archetypal vertebrate structure^ 
t. e. as being the hsmal complement of a primary segment of the skuQ. 

Exogenous prooenes descend, like the pair mm beneath the lower oer- 
vical vertebra of some birds, from the body of the parietal vertrinm; Imt 
the true transverse processes of this veitebra are the mastoids, which ahraya 
articulate with a ooraer of the parietab. 

The centram and neurapophyses of the frontal segment retafai their ordi- 
nary proportions, and the spue is again the dement which, by its extreme 
expansion and its modification in subserviency to the formation of the orbits, 
chiefly masks the typical features of the neural ardi. The parepophysb b 
connate and reduced in size, and itt vertebral relations with the plennpo- 
! physb of its segment interrupted by the inteiposition of the lUvemnc appen- 

I dage from the antecedent hssmal arch : the unusually expandc3 distal aid 

of the same appendage also intervenes between the frontal plenr- and hasm- 
apophjfses ; the pleurapophysis (ss) bdng more atrophied in man than in 
most inferior mammals. The hsemapophysb and spine are oo the other 
hand much devdoped and modifled as ablove described, for the bniineas of 
mastication, though rdativdy diorter than in other mammals. 

The comDression and extension, both vertically and longitudinally, of the 
centrum (u), the compression and coalescence of the neurapophyses (i«),bolh 
with each other and the nasal capsules (is), and the corresponding preportioBa 
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of the divided spine (if), mainly cbmneteriie tlw neural ardk (N it) of the • 
terminal or nasal segment of the hnman slcnU. The tulj ooakseenee of each 
hseniapophysis(si)with the oorrespondinghalf of the dinded haemal spine (ts\ . 
and the onosual ezpan«on of the bones» espedaDy the seeond (st X whitt 
diverge from the hspmapophysis* form the chJef chaimeteristics of the hamal 
arch (H iv) of the nasal segment. The hsem^Mphjsiai portions of hoth the 
nasal and frontal vertebne are mncfa less elongated than in moat other 



It maj serve to test the aoeunqf of the general homologiea here 
to the bones of the human skull, tt we notion the degrse to which they lav* 
been subject to modification in connection with such determinatioiia. 

According to the seneral character of the vertebrsl dements in the ical of 
the frame, we shoidd be prepared to cspect that the hcmal nrehes would fan 
subject to a greater variety in reneot of development and idattve pontfos 
to their segments than the neural ardies ; and that in the latter ibe pvto 
determined as centrums and neurapophysee would retain man of the Of^ 
dinary proportions of such porta in other segments or in other animaK ttmi 
the penpherally situated spmes^ If new bones are added* we ahonld ciMet 
to find uem in the relative position of appendages lo the normal vertental 
arches: or should these be homologous with smUar anperadditiooB in Chi 
skulls of lower animals, they will probably bo the seat of awie extensiw 
changes of form, proportion and connections^ than the dements of the vertex 
brd arches themsdvcs. 

Now if the reader will ^anee at fig. 25 and compare the bones flbnnhig 
the s^mento of the skull with thoflo m 1^ 2^ 83, 88 and 5, he cannot but fan 
stru^ with the remarkable degree of uniformi^ in the dimensSona of the 
bones i^ s and it: no. i« bdng m terminal neurapophysis^ has been the sent 
of more variety ; but the generd steadiness of this aeties of bones in iMud 
to their dimensions and connections accords with the characters asdgned In 
them, as neurapophvses, which are always the moat constant and Impoitnl 
of the ossified vertebrd deu i en ts. 

The bones i, s, s and u equally conform in the kind and degree of thdr 
modifications with thdr delermnmtion as the bodies of the vcrtmrn. 

The increanng capadty of the aenrd cand of the head^ demanded for the 
lodgment of theprmesnvdy espanded encqdialonas the v«rtdird scale ifaai^ 
ia chiefiy acquired by the expaunon of the bones, i^ r, ti. which, bdng T 
nuned as *neurd spines' in the fish, might be expected to beanljeet to ( 

deviations fW>m thdr tvpied Ibrm and proportions than the more < 

and essential parte of the nenrd arehes^ The teraund neurd ninc^ ub ia 

sulgect to stiU greater vaiietiea in the range of spedes, aa might dao be cb-. 

pected from its podtion. In one mammal, <l^. the porenpine^ it is more 

expanded than any of its succeeding homo^pes ia the cranium; In man Ha 

proportions are so much reduced as greatly .to OMsk the homo^nd rflation. 

In one mammal, e.^. the oran^ the nasd spine Is not odj dimiontiv^ faot \ 

sugle: In another mammal, e.^. the manatee^ it Is also mmiautivo bnt dU | 

vided, and the hdvea oompletdy aqnrated by the intervention of pait of the 

snoceeding spine. 

The abnormd conditions of the human skull dve further iDnstiBtion of (be 
trath of these generd homologies of the cranial bones, and redproealfy i»> 
cdve Ught fnm such determinationiL la the case of idiots from deMivn 
growth or devdopment of the brdn, where the cavity of theeranlttai is i»^ 
doced to hdf or lem than half ita normd capacity, as cj^ ia the sknll deacribad 
and figured in my ' Memdron the Osteology of the Chiaqpaaiee*/ it i^Uht 

,voLLp.M9,|l.ftysadafi. 
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htw% been expeetod ffom tha aothropotomieal idMt of the cnnial boneir— 
according to which no ooo bone b deemed either mora or leu important 
than another in its emcntial nature, and when the iqttaniofal if as little ro- 
nided in the light of a anperadded or intercahrj piece as the aliflphenoidy** 
that all wonld be reduced in the tame proportion in fonning the parietea of 
the contracted brain-chamber. But tlus is bj no meana the caae. In the 
initance aboTC-cited the basioccipital and baiifphenoid hare been derdoped 
to thdr usual siae> and the distance from the posterior boundaiyof thebonj 
palate to the anterior border of tiie foramen magnnm b as groat as in anj 
normal sknlL The ezoccipitals ^condyloid pofttona of the occiput), the 
alisphenoids and the orbitosphenoids retain in like manner their fml dimen- 
sioBs» The distance between the frontal and temporal bones is as great as 
in the BTerage of fully derelooed Caucasian skdlsy and is greater than in 
most of those from the Mdanian raoe^ in which the direct junction of the 
fiontal with the temporal, as in the chimpanxee^ is by no means rare. The 
eootraction of the capacity of the brain-chamber is due chiefly to arrested 
derelopment of the rrontals, parietals, sopraoccipital and squamosals. By 
the icanction of the snpraocdpital and the retention of the centrums of thia 
cranial Tcrtebra of their normal proportions, the foramen magnum beoomca 
ritnated nearer the back part of the basis cranii than in the nwmal skulL 

In a still smaller cranium of a female idiot, who readied the age of twentr- 
one years, which is preserved with the male idiot's akuU abore-mentioned in 
the anatomical museum of St Bartholomew's Hospital, the contrast between 
the normal proportiona of the basioccipital, basisphenoid, cxocdpitals, ali- 
sphenoids and orbitosphenoids, on the one hand, and the reduced dimenaiona 
of the aupraocdpital, parietals, frontals and squamosals on the other, is still 
mora striking and rigniflcant of the true natura of those bones. The nonual 
growth of the centrums, indeed, might be eiplained by the concomitant neariv 
normal siae of the medulla oblon^ta, base of third ventricle and optie chi- 
asma, in the brain of the same idiot : but it ia not so obvious from the con- 
dition of the brain itsdf why the alisphenoid should not have shrunk in the 
same proportion as the parietals, frontals and squamosals. To the homdogist* 
however, the recognised difference of snbjectivi^ to modification pratented 
by the neurapophyses, spinea and dlver|png appendages of the typicd seg- 
ments, renders very intdligible the parnd aeata of amsted growth in the 
bones of these idiots' crania. 

In refsrence to disease, also^ one sees not why the alisphenoid diould have 
a minor attraction for the morbid products dcpodted, or be lem subject to 
die destructive actions esdted, during syphilitic or merenrid disease, than 
the parietals, or the orbitosphenoids than the frontals, or the exocdi^tala 
than the snpraocdpitd ; yet it needs but to examine any series of such 
morbid skulls in our museums of pathdogr to be oonraced that the variable 
and peripherd dementa of the neurd arSaea, via. thdr expanded spinas ara 
aliBosI exdnuvdT so affected: the irontd and parietd being the moat 
common seats of the disease; the aupraocdpitd a less frequent one, concomi- 
tantly with its minor deviation from the Qrpicd standard of the dement. I have 
yet seen no example in which dtber a eranio-verlebrd centrum or neu^ 
apophysis was so raected; bat the nasd bones are notorioody attacked. 

It would be easy to multiply such instances of the new lights-new eyes, 
so to speak* — with which human anatomy, normd and abnormal, is viewed, 
Dtid natara or generd homology of the parts have been appr^ 




If the bones «* s» is, fig. 5, have been correcdy determined aa theparapo- 
phyaaa of the crinid vertebna, they might be expected to be sabject In the 
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The conne of coalescence rpdncei the epencephelle ardi (fig» S5» N i) lo 
one bone, the scapular arch (H i^ to one bone (the arch is apparently eon* - 
pleted by the connexion of an clement (m*) not appertaining to the skiiD). 
The centnims (s, s) and neurapophyses (s, it^ of the parietal and IVontal var* 
tebrsB coalesce with each other and with the diverging appendages (tt) of the 
maxillaiT arch to form one bone, the * sphenoid * of anthropotomy» and this 
ultimately coalesces with the epencephalic arch and constitutes the 'oa nheoo* 
occipitale* of Soemmerring. The expanded halves of the parietal smoe (r) 
remaining usually distinct are reckoned as two bones. The exoandea halves '; 

of the frontal spine (ii) usuallv coalescing together form a single boneb The [ 

halves of the nasal spine (isl rarely coalescing are counted as two bonea. 
The mastoid (s) coalescing with the petrosal (is) and this with the trmnenle i ; 

(ss), squamosal (v) and stylohval (as), the whole is reckoned a single boDCb 
which thus combines a parapopnysis and pleurapophysis of one vertebra with ) . 

a pleurapophysis of another and a diverging appendage of a third ver t ebf% ' 

and all these parts of the endo-skeleton with a sense-capeule bdongiog to the i 

splanchno-skeleton : such is the heterogeneoua compound character of the I < 

« temporal bone ' of anthropotomy. The neurspophvses of the nasal vcrtebiB t 

(u) coalesce with each other and with a considerable part of another oaaifitd 
sense-capsule (is), to form the single bone called ' ethmoid.* The maxiDaij 
bone indudes the superior maxilhuv (si) and premaxiUary (is) of the lower | '. 

animals. The hyoid bone mdudes the basihyal (41), with the ceratohyabfis) | i 

and the thyrohyals (4s). The scapula indudes both the pleurapophyris (si} 
end the hsemapophysis (st^ of the occipito-hnmal arch. The signifieatioa m 
the separate points of ossification of the human foetal skull is nude pUIn by 
the foregoing applications of the ascertained general homdogies of the b 
of that part of the skdetoeu 

ObfeetUms to the Cfmnial v e H ebr a eomidend^ — ^The latest and most 
objection to the fundamental idea in accordance with whidi I have attempted 
to work out the general homdogies of the bones of the head^ la also the 
most formidable in respect of the great and deserved eminenee of the ob> 
jector. In a manoscript left bv Saron Cavier, entitledy ^ Le criae estA 
une vertdbre on un oompos6 de trois on qoatre vertihres?* appended to 
the posthumous edition of the * Lemons d*Anatomie Comparte V he adnili 
that ** the analogy of the basihr and two condyloid parts of the oedpnt with 
the body and two hdves of the anndar part of the atlas is very iqiprodahla. 
The basiocdpitd and the body of the atlas serve equally to snppoit the 
mydon ; the exocdpitak and the two hdves of the ring of the atlaa to eofer it. 
The condyles are represented by the articular proeessce by whidi the adas ii 



joined to the dentate. The oondyldd foramen, which gives pasMge to the 
nerve of the ninth pair, has some rdatioa with the hde la the at&s whUk 
gives passage to the first oervicd nerve and to the first bend of the veftdaal 
artery. Some have also found a certain relation between the mastoid proeew^ 
whi^ in most animals ^pertaina to the oedjutd bone^ and the tnaevene 
process of the atlas and the other vertebvB ; upon which it mnrt be I 



that these relations are less in man, in some respects^ than In the qnadnipedi^ 
shice the atlas has commonly ody a notch for the punge of the artery, and 
the nutftoid bdongs in man entirely to the petroed t- ** We may even eon^ 

• Tame fi. p. 710. 0837) psr MM. V. G. Oarigr asd Lsmfltod, who hdd the iiiftiia lais r 

dthdrsnthortobeeoiiciiiihre. The criddim ia the ' Hiitoire dsi PtttaMas,' t. L p^ tSiL 
besiSMtyapoBthea/rM cndD-vcrtcted theorj if Oceflk«y, sid decs ast eeaosm « 1 



'L'ualogtedseti trait pltei, to hadsiie et Isi deox €oad|UUIeB^ cms toil 
I ds rsUM, Mm eom « toi dsox moMfe dt is psrtto aaadain sat trts saaMa. 
Irs St to corps ds rattoi icmaft ^deasMt Ik soppsftcr to BO»s ^laDse I toi esi 
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pan^" Carier nyti ** tlie rapnocdpital to die fpinout proeeiiet which io 
certain animals originate by ipedal pomti of catification and remain for lome 
time distinct from Sie rest of the vertebra : neverthdess, there is alreadv here 
a great difference of structure and function ••" With regard to the poiots in 
which Cttvier is willing to admit an * analogy * between the occiput and the 
atlas, he sulyoinsy agreeably with hb idea of the law which governed such 
correspondences,^ — ** These resemblances miffht naturally be expected in the 
part of the head placed at the extremity of the vertebral cdumn, and the 
functions of which are^ in faot» analogous to those of vertebns^ since it gives 
passage, like them, to the great neuru axist** 

With regard to the feature of resemblance (qneiqne rapport) which some 
had seen between the mastoid process and a transverse process, Cuvier founds 
his olgection to its i^Ucation to the vertebral character of the occipital 
bone on a false homology. Concluding that the mastoid in man (fig. 85» •) 
was homologous with Uie paroccipital in the hog (fig. 84, 4)t and some 
other qnadrupeds, he deems the determination of the paroccipital as the 
transvem process of the occipital vertebra to be invalidated by the fhct 
that the ' mastoid* belongs, in man, not to the occipital but to the petrosal. 
There were cases, however, not unknown to the able Editors of the posthu- 
mous edition of the *Lefons d'Anaiomie Compart' where the true trans- 
vene procesies of the occipital vertebra, though exogenous like those of the 
succeeding trunk-vertebm In man, had become dev^ped to an equal extent 
with such transverse processes ; the abnonnality of the human ocdpitaJ thus 
repeating its normal condition in the quadruped. They however do not cite 
tliese instances, or nodce the confusion by their author of the true mastoid 
with the paroccipital in reference to this his first olgection to the vertebral 
homology of the occipital segment But it might further have been re- 
marked, in respect of the segment of the skull to which the mastoid really 
stands in parapophysial relation, that although the mastoid belongs in man to 
the petrosal in the sense of being anchylosed with it, it ardculaies with the 
parietal ; and the persistence or obliteration of a primitive snture is too vari- 
able a phseuomenon to determine to which of two bones a third connected with 
both essentially belongs. The constant existence of the paroccipital other 
as an autogenous element or an exogenous transverM process in all the 
oviparous vertebrate cla ss e s , its «sonmion existence in manimaK ^nd occa- 
sional, though rare, development in man, establish that additiraal, though 
by BO means essential Tcitebrsl character in the ocdpital segment, which 

kiffieiitstlsidsaxiiMiltStedsrsBBesadsrsllasllseoimir. Lei eosdjlei lont icpi^ 
■eet^psrlM fuetteiiitiodiireiaBBioyeBdMqpidlflsrstisii'iiilit kl'szii. LetnmeoB- 



^jffiM qd laine psMcr Is serf ds biieiifilmc piiir, s fpOqam npport «fw to trao ds I'sUas 
__.. . •. . . il,sttopwBattr»coiirtnnedersi^ '" ' ^ 

'spophyu msftooUto qni 

nnsvene dt raUas «t 
11 int rannvncr que oet nppwts mdI 
lei madrapidM, poiiqae ratlM a'y s ordiMirMiieBt qa'ns ^dunenne pov^to psnige 4s 



qoilsiiiepsMcr to premier serf eerficil, St to praaidneoiuinnederartdis Oa 

s aani troovj qaeiqiie impport eotre rspophyie msitoSUto qid, dini to plnpiit dei antoBma, 
SMMrtieat I I'oeeipital, et ri^ophTie trusvene de Fittoi st dei siitiei Tntftbm; mr qaoi 
it Int remnqiicr que oei impporU nat noiadrei dini llunmie I eeitaiiis %irdi qoe oaas 



I'iftars et que rspophyie naitoide y'spperttont satttraneBt sn loeher."-^ e. p. 710. 

* "Ob pomnlt rnlms eompirer roodsital mpAtenr sax uophyici ^pineaiei qid, dun 
ceHaiiiiimiiia«z,aiiaieiit per dei pointi d'onifleittoB psrtiealton, et mtent qndqoe tcBBps 
dBrtiBeta dv rerte da to ▼eit&ras eepesdsB* fl y snatt d^ Sd BBS gnnde difl&eiice de 
taiectdafoBclSoB.''-^e.p.711. 

t "Cumembtoaeeiteiarti 



n i stteadie daaa to paitto da to tHs ptoefe ll'sHrf. 
s^ft<dato€oloBBevcit^bnto,et doBt toifoBctioBiioBteBeifetaBakcBeikedkideifsr. 

ciDei to BiBd troBC mednltoire.^-^ e. p. 711. 



tibrei puiiqa'dto toine pmcr eoDnsa ciDei to gnad i 

t Ooficr, •. f. dewribM thb deaieBt m •• L Wpbyie Biartoide, qd ed ti«i:toBgBS, ti^ 
pelBtBS St touts dsl'oodpttd,''iBUi dsbQnteaMtaiflatdbiCMlM^OM.liNStos,t.B. 
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Cavier aeeki to olneim b^ the noniial abmee of iti proper tnoevene pio- 

eeaei IB iDBih and the Mamed tnntferaioe of thm to UM^ 

■koIL 

Cnvier ia the next piftce obiects to the comperiKm of the MMOceipital 
with the neanl fpioe of a trank-vertehn, ** becenae of ita vail oMRefeDea of 
Btrncture and faoctioa.** He does not spediy the natnra of the dUTeraDeet 
he admita that the nenral apinea have dktinetoentrea of OMificatioB in oartaia 
animala ; and aU will allow that, in most of the trank-vertebnB of aiidb« the 
neural canal ia cloaed b^ the eoadapted enda of the neurapoohjaei to wfaieh 
the apine articnlatea or beoomea anchyloaed : that thcfefoie toch qplne doca not 
directly oover the nennd axia, bat, retaining the ahi^ BignSAed by ili aama^ 
perfonna exclusively the function in relation to muicolar attaduBentk At 
firrt view the contiait teema oondouye anuiat all homology between aneh 
mere intermuscular qMne and the broad tibin convex plate applied over the 
cerebeDum and poat^ior eerobral lobea hi man. And it meat be eoofeaied 
that the determination of their general homologieal relatiooa ooaM BOt have 
been satiafactorily demonstrated by the mero relationa of the paits to the 
laminsB anpporting them, in ro limited a ranp of comparison. Bnt* if w« 
descend to fishes, we shall find the anpraooeipital often equally exc lu ded fkwa 



the neural canal bv the meeting of the exocdpitala beneath Ita baae; w« 
ahall, alao^ aee it stiU retaining &e apinona figuie, indicating its IbnctioB Ib 
rdation to muscular attachmenta to predominate over that In aaheervienej 
to the nrotection of the eoeneeohaloD. If we then ascend to the oroeodll^ 



to the protection of the epencephalon. If we then ascend to the orocodllc^ 
we shall find the neural spme oi the adaa to be one of those examplea alluded 
to bv Cnvier, whero the ossification proceeds firom an independent c 
and It not only thua manifeata ita essential character aa an antogei 
tebral element, bnt maintaina ita peraument separation fkma the 
physea: and it further indicatea the m odificati o na of form to whldi the OMw 
responding elements will be aubiect in the moro expanded neaial arohea of 
the anteoMcnt cnnial segments ov haviiur alreadr exch a ng ed ita eompreasad 
apinoua for a depressed lamellar form. Hero indeed Cnvier might not oidy 
Imve olgeeted to recognise it aa a vertebral spine by roaaoa of ita ehaage or 
fonn and function, but alao by ita continuing a diatinet bon^ whieh la 
not the case with ihe expanded * spine' of the mammalian oodpitalvertebt^ 
But retaraing to the crocodile^ we observe in the segment aaterior to the atlaa 
that both the form and coonectiona of the aaprMcdpital (fig* SS; a) an 
M doadv similar to those of the neural wpiam of the adaa that the rooof^ 
nttion of their aerial honM>logy b anavoidahle; and we have a i t p e tHie o 
of the aame characters of the vertebral element in questioB Ib the I 
undivided parietal (tftwf). Now Cnvier makea no i 
' occipital sup^rieur * in the crocodile to be the 1 
moro expanded namfsake in the bird; or thia with 1 

' and mans he 'fe also 

al 



» tUfl&cnl^ Ib admittiM the 
thomologoaa booa wttila 
Ith the sSU moro espaaded 

'partie grande et mince do rocdpital* in mami 

disposed to admit the special homology of the 

its variationa of form and limetioa in Se ahovoH 



with the bone s in fishes, which he somcfthnes eaDa 'ocdpltal annMear/ 
aometimea «interpariteL' If then the special homology be adarilted on the 
ground of the constancy of the oonnectiona of the pait» with what show of 
reason can ita general homology be r q e ct ed which fonna the veij basia er 
cooditioB of the characters determinative of auch adndtted special hoaselogy ? 
But Cnvier ia not oonaistent with hfansdf in lua groonda of oUeetloB to tta 
ntial natnro of the human aupraocdpital aa ihe neand spuie of Its i 
t; for he does not hesitate to call the adaa oftha erooodOe Bfer 
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■Uboagli It! 'anonlar pftrt* b dosed above faj a tnuMrene plate^ instead of 
by a Teitieal spinet of whicb» indeed, there remains bardly more Testige tbin 
is pfftsented by the tubercle or rudiment of the spinous process in the supra^ 
uodpital of man. It must also be remembered« thai the human supraoccipital 
does retain to a certain extent the same function in relation to the attach- 
ment of the proper ▼ertebral muscles (^plnitj et^nHst eompiexit and the modi« 
fied interspinales called *fteli etgriiU jfottiei mqf, H mdn^ as the succeeding 
vertebral spines; and combines this with the same place of completing, as 
the key-stone^ the neural arch; although by reason of the more voluminously 
developed sannent of the neurd axis protected by that arch the peripheral el^ 
ment is diiefly modified for the acquisition of tlie required increase of space. 

Cuvier next nroceeds to comment on Oken's endeavour to represent the 
basispheooid and the two alisphenoids with the two parietals as forming a ver* 
tebrm : and he admits that there is some analogy, though this b mucm mora 
feeble than the differences. *'The basbphenoid, having another function, 
takes on a different form from the basioccifntal, espediAT above, by virtue 
of the posterior dinoid jprocesses : and in the embiyo it is composed not of 
a sinrie nucleus, but or twof." With respect to the objection from the 
modiication of form alluded to^ it may be remarked that the same element 
in other vertebral segments of the body undergoes much greater change 
of shape; the centrums of the lower cervical vertebrss in many birds send down 
two processes as weU-marked as the ascending ones called ' clinoid' in that 
of the parietal vertebrs, not to speak of the 'soe de charrue' of the coccy- 
geal vertebrsB of the bird, for example^ without any difficulty having been fdt 
or expressed by Cuvier in their recognition as modified vertebral bodies, the 
mora essential characters of their goieral homologT being as plainly retained 
as in the case of the basiq>henoid ; in its relation, c ^. to the neor- 
apophvses and the support of the mesencephalon. With regard to the 
objection from the two centres of devdopment, if thb be valid against the 
goieral homdogy of the basisphenoid (s, fig. 25) as a vertebral centrum, it 
equally teUs against the body of the atlas («), which, as CuTier wdl knew, 
was ossified sometimes from two^ and someUmes from three centres {. And 
I may further observe that, dthough Cuvier affirms the two ossific centres of 
the basisphencnd to retain for a long time between them simple cartilages^ 
my obseiVationsbear out the accuracy of the remark of Kerknngius, ^wlmse 
figures Cuvier dtes,) touchinff the '*dua ossicula distincta" rtak xxxiv. fig. 
ill. c^ e), via. ** ous cderrime in fonnam figuns appositK & codescunt : 
and die figure of tne coalesced rudiments of the badsphendd Eiven by Kerkrin- 
giua dosdy resembles the bilobed rudiment of the vertebnJ centrums in the 
sacrum of the chide. 

Cuvier next objects to the neurapophysid charact er of the albphenoidi^ 
that the * foramen ovale ' b rarely a notch, more often a complete hole. 

^^LmwtHihrm. L*slbs cat eompoi^ da dzjAesi, ftc.--U memlbe, c, cat ne Ium 
tmsfsnsqol frit b dot dsbputbaBnuUlni SJbm'sqa^uMaktkpdBeM&dUs pov 
toots ipophyu ^JieoM."— OMemSBi Fonibi, t. v. vt. fi. fw M. 

t Be avaiit da MiQaiis le troinre b ooipt da sphtaolds poitMear, am Mk doqod ad- 
MmotbadeiKaDcateiBponbioagraBdesaibi. OaaaoMiehafdi^krnrbeBAaretatvob 
ptteaacominafermaiitaBevertibtcavecbidaaxpaiiAaBi. DreitacB Ataaeoraqpdqoe 
aaabfia, oiabbcaneoap ploiliAb, taadbqoa MdifflfireBeeidavieBnCBtplaBtetca. La 
corps da tph^naida abieaFair d'ona iMitloa dabaiUaire,mabayaiit oae antra teetba II 
H tw d e ■ m a i aac attUcl b«aia,aartoBt an deMW,att laoyea daa ^opbyMs dJarfdaapoatAJcaraa ; 
at dana lespremicn tcmpa da ftetoa & n'ctt paieoagqpodd'an wol noTao, nab da deai, qoi 
ent knc^empa antra wl da aimpbs cartibna.''— JL e. ow 711. 

t LefOll•(t'AnaLCo^lpaf^t.l.(18^6)^174. MaAdhraflnradtha vaibtycfthiae 

voLdhbi ■ 



ia tkb abnant af tibs bumaa atbi In the lat VOL d hb AidiiT fib db Fl^ 
tatvL%.L 
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r," he ttrsety **Yeiiehrm properiv m called givepeiMge totbeBenreeedij 
e interm that exist between them and the oti«r vertebne^ and not 1^ 



only the Fanes indefinitely their fonn,* — his olgeetion to the Fertebnl i 
ter of any giyen segment that miffht deviate ftom the 1 
of pieces wonld have been intelligible. Bnt even* tiieut he woidd not hsfo 
been guided consistently by his own principle ; for the dgeetioB f 
upon ue supposed abnormal number of pieoea in n eimnial i 

* " Set ailsi difllRBt besoeoep phM eaeoie ct acs dMZ coBdjUm* St acs 
foment bputiettiBnlaindetTai^bfCi. A*la v6il^lttrBaafska'«t 
idtaaavn ; mil le plui woanait Q cat miau€ d*oi, ct 




•at ds mfaie da triM rood toutciisi fob mil Mt diitiMt da ipb<ao4rtilsirat er Isi 
hnt pmttBMrt ditei — hlMcet piwer Im neift q[BS ssr Isi JatcmHei q " 
•IIm et Its Mtrai FcrtMitm, «t MB pir dcs liOM pttMM.**--^ ei Pb lit. 



t E^ Animal, 1817. pL tUL flg. ».«^ p. Itl. 



bal 
dMBtawiat ptail lala k fis 



•*Now; 

by the i 

particular foramina*." Therefore the young anatomist must conclude tbi& 

the doml vertebne of the ox, the abdominu vertebrsi of the lophSnsb and 

eTcrr other segment of the trunk whose neural arches are direoUy perforated 

by the spinal nerves, are to be r^ected from the veitebral category I 

It has been shown in the generalities on the cbnoral vertebrm (pL 95)^ that 
the neurapophyses in relation to the passage of tneir governing nerfcs may 
be either untouched, notched or perforata by them, without me|udiee to 
their neurapopbysial character. Viewed in the entire series of vertebrata 
the cranial neonqpophyses are more freoucntly perforated than notched, those 
of the trunk more mquently nntouched or notched by the nerves in passing 
through their interspaces. ] 

The penetration and sagadty of Cmvier nowhere shine forth more brightly 
than in his bold and true determination of the bone s, fig. 5^ in the eodSshf 
as the homologue of the temporal wing of the sphenoid in the human aknlL 
To any less-gifted comparative anatomist the relation would have been mafked 
by the coalescenoe of the homologous part in man, by its connectiooa wiA the 
squamosal and frontal, and its comparatively small proportions under the 
guise of a subordinate procew ; none of which characters exist in the wMr* 
sphenoid of fishes : it still retains, however, in that cbas, as in masb its most 
essential connections in relation to the bones of its own segment and to the 
brain and nerves ; and Cuvier availing himself of these in the detcmdnatioB 
of its special homology, was little likely to be swayed by so ummportsatB 
variety as the transmission of the characteristic nerve by a Ibramcn instead 
of by a notch. No sooner, however, has the time arrived and the oaD been 
sounded for an advance to a higher Beneralixatioo, which indudcs and cb- 
plains the^minor proposition, than Cuvier interposes the least In m of tMt 
difference of the alisphenoid to check the p rogr es s . It wiU be oMoos to 
the anatomist that the foregoing explanation of the value of the nun 
notch or hole in the hombfogical character of a neunpophysia haa becB 
called forth bf tiie weight <^tiie name of the cljeetor rather than by.tlw 
force of the ob|ectkm. 

Cuvier directs hb next argument against the vertebral eharsdef of the 
(nenral aroh of the) parietal segment generally. ** Its comporitioa,'* he nvcsf^ 
«* is different from tlwt of other vertebn^ since the ring (be had Just befciB 
denied its annular form) would be composed of five pieces or even of rfj^ indtt* 
ding tiie interparietaL'' Yet Cuvier docs not hes!tate^in his Artide Vi, <Xs9Fip- 
Hbru' (OstMogiedes Crocodiles) t, to reckon as the firrtveiiibn^the ali«i 
notwithstanding its comporition of sixpieocs. 

If,indeed,Cuvierhad subscribed to GeoAo/s assertion, that ^Hatarermo- 
duces the same number of dements, in the same fdations, in esdi vertam^ 
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Botaiallandoal Ibe nemltioDor aoomipoiidiiiSMgiiieDtof tbe tnmkt 
though liiifiaily oompoiafC 

In fiieC, throoghovt thb •ttack apon the TCftebral theorr of the tkall, k 
win be teen that it it baaed npon the ^priori aMomptioii that aO the endo- 
•kdetal fegments of the tranlEy howe?er modified, are TertebnB^andall thoie 
ritaated in the head, are not TertebrSi The eiMiitial character of a vertebra 
is thus deduced from its pontion, not its composition. It needs only to com- 
pare any of CuTiei's objections to the Tcrtebrsl character of tlie cranial seg>- 
mentsb with the modifications of the corporal segments admitted by him to 
he Tertebne^ prerioualy enumersted in this Work (pp. 96-101 )» to see that 
the diaracters of the cranial TertebriB oljected to by Cuvier differ in degree not 
in kind, and become valid arguments against the admittance of natural seg- 
ments faito the yertebrsl catemy, only when they happen to be situated at or 
near the commencement of the series. 

It lias been abundantly prorcd, I trust, that tlie idea of a natursl segment 
(▼erti^ra) of tlie endoskdeton, does not necessarily involve the presence of 
a particular number of pieces, or even a determinate and unchangeable ar* 
rangement of them* The great olnect of my present labour has been to 
deduce^ by careful and sufficient observation of Nature^ the relative value 
and eonstancn^ of Uie different vertebrsl dements, and to trace the kind and 
eatent of theur vaiiatioos within the limits of a plain and obvious maintenance 
of a typicd character. 

In reference to the neurd arch, the variation in the number and disposition 
of its parts, illustrated in the figures 1, % 8,4, 18, 19i 90^ Sit do not seem to 
me, nor wfll they I apprehend to any unbiassed anatomist, to obliterate the 
oommon typicd character of that part of a vertebra. Those elements whidi 
are furthest from the centrum are the chief seat of the changes. If tiie readw 
win compare figure 9 with fisure 18, he wiU see for eiample that tiie crown of 
the arch is formed by a dngte bone(f ) in the crocodile, but by two bones (r , r ) 
in fish ; nay, in most fishes the hdves are even pushed apart by the interpod- 
tion of a third bone. Yetthesagadtv ofCuvierled him tod^erminethedfr* 
varicaied moieties of the divided panetd in such fishes to be the same (homo- 
logous) bone with the sbgleparietd of the crocodUe. With what consistency, 
then, can the generd homdoffv of the segments be rejected, which sufferno 
other change ia thdr composition than tMt resulting from the single or bifid 
character of the same bone in each ? Is the singw ftontd of the human 
adult regarded as a distinct bone from the bifid frontd of the fmtua? If, 
therefore, the neurd arch of the narietd vertebra (mesenoephdie arch) of 
the crocodile lie free from the objection, raised by Cuvier to tlie vertebrd 
character of the homologous aroh in man, on the scoro of the number of its 
elements; ndther can that olgectiou be diowed to have any force when it 
rests npon the mero division in the human mesencephalic arch of the recog- 
nised bomologue of the single spinous element In the erocodfie. 

In the dieep, the arch which encompasses the epencephdon is formed by 
ody three dements, the neurd spine resting upon the ooujoined upper emu 
of the neurapophyses. In the dog these elements are divaricated and the 
epencephdic aroh is dosed above by the neurd spine. Now Cuvier does 
not aUow this difference of arrangement of the latter dement (a) to affect his 
recognition of the ' surocdpitd ' in both mammals; and, theiefore^ one b at 
a loss to discover the consistency of the ideas which would rqmdiate the 
generd homolofpr of the bones or of the entire arches which thgr surmount, 
because, as Cuvier would say, ** the oompodtiou of the arch is different, being 
of three jueces in the dieep and of four pieces in the dog.** Yet this is pre- 
dsdy the kind of oljection whidi he has directed agdnst the mesenoephdie 
ardi, vis. because it may be composed of five or even six pieces in certdn 
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animals. lo the Bah. ia Ikct^— by reaaoa of tba parialal paiapopliiMa (t, $) 
being rabject to the mom vaiiatioo In tbeir roatiTe podtioe to the otibcr 
dements, which has been iUostiated in leraeel of the Beofal spina In tlw 
epenceplialie arch of the dog and sheep* — the meseneephalle areh la coai* 
piosed of seven pieces, or, induding the interposed anpnoecipital, of nol leas 
than eight bones. Yet even here we deariy and cawj tiaee the hind and 
degree of modification to which the fundamental plan of the nettial arah 
has been subject. The arche^pe is nowise obliterated : the genend bono* 
logics of the modified dements are not kss reeogniwible than their apedal 
homdogies^ Tlie centrum and neurspophjses ara the steepest demeotas 
the spine is not only subject to great dtveraiW of siae and diape^ bnt to 
variety of position, and, moreover, to be dtner sing^ or bifid: the ps 
physes have less range of variety in point of dimaMonsb but may be 
or less interposed between s^p^ ^'^ nenraponhvseib or may beooBM 
fluent with either dement. Thus the epenoepnalie aidi of the cm 
(fig.l8) differs essentially, in a Cuvierian »ense^ from that of the tortoise or the 
fish (fi^. n, because it is composed of four pieces In ^km first and of sis 
pieces in the latter ; the diff'erenca of oompositioB merdy dq)endiag» how* 
ever, on the more exterior podtionand connatioo of the parapophysei^ %%i^ 
the crocodile. 

The independency of the parietd and lirontd booea Is next aiged bv 
Cnvier as militating against the idea that they eoaspleta a veitebiil unsk 
formed respectivdy by the alisphenoids and orbitoqihenoida as the pleia or 




haunches : and the more so, masmuch as th^ are sepamled from thoaii 1 
in some animals by the intercalation of the sqoamosab*. By parity of r 
we must rgect the generd homdogr of the Beard aich and spine of the \ [ 

atlasinthe SUyruslltUH^^^^h^l'^^VP*'''^ ''^"^ other fisbesb b^ I | 

canse that part of the vertebra is not only aistinct» bat vpltfted and l e i nofad « 

from the piers or base of the areh by the intercahtMNi of the aitiealar pip- i \ 

cesses of Uie neurd arehea of the ocdputand azia. Aeoordingto Oiideraacb | 

separated atlantd arch must be regarded as a new bonc^ and Ihe ecBtnna ' 

oug^ht therefore equallv to be viewed as ^unepitenartieaBte qui a ana dcrti- | 

nation particalidre * : but the generd homology oivertdwd rif mints maj be 
determined not ody by the Irrdationa to thdrowB atgmem, btttbythoaaw fa ah 
th^ maintain with thdr less modified homotypes in oontigooaa iramsiils 

The centrum of the atlas in the ^Aqtpm dnoetiy anstalna mtu p ao iw 
apophvses than its own, and so fhr Ium a new or partienlar loBdioa i bal^ 
dnce It continues to unite the centrum of the azfa with that of the oedpo^ 
we still regard it as their homotypiv and as standing in the idatloo of the 
centrum to ita uplifted and diilted nennpophvaca. 80^ likewlas^ aithong^ 
these dements now dd in strengthening the kiBt be t wee n the lygipopbysei 
of the neurd arches of the ocdput aM aaoa* and thoa perlbns a new aad 
veiT peculiar function, thdr rdation to these and other nmd arehes Ib the 
series of veitebvB renders It impossible to ovcdook tlw aarid hooKilegy ef 
the separated 'laminsB* of the atlaa and that of Us spina with the oAar and 
laiger vertebrd lamlnss and spines. 

• " Bim IniH 111 1 11 nil mi tuiiiiisH hi|miiIw iiiiili mlHni iiwins sasiililnL d i 



m Ics ptiiten tn fonastt Is conpUBSBtt dVoM Mrt,es ssnikaM 

ds odle del sotm vertdbret, pidimis I'sbbsm lenit fiwin< ds dafss dkn st i 

ri», CB compti t riatcr^siiftd; ds renin, fl snivs dam jjta^kttn sdnssa fas Isi sJBss 
tenporalei da sph^Mide s'attclnsBt pit sa vtMU^ asrwaas Is tnnstd m laadbwaa 
dstrat d'dlM, Mit in fitMrtd toil sa ididBdids sadrisar. Had ks iisilHiia seat «■ 
plActt indteadsBlci da nMuMM poMSrisor, dcs pikm pMiludftm ed sot ans dsHU 

— *-r— ^finnrr rrllri iln ■ririr fli I1 Ilfr Ikpiillii ainj—i il iiiilftlsMS dmhiol 

•phim. toot eoouM let gnadM sQsi 0^ esBs ds itnlr ds tnasrt aai Iskst SMsam dMs 
Istqtitcitbda itp1 i »t sttsttniiastfw»lthsfc*-^<i.p.fli: ^ 



, I 
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Th» new Amelkmi wliicb the oplifted and Independeiit ipiiMi of llie {wri^ 
elal and fWmUl vertebne perfonn in man and many mammak are, with 
mptct to the parietal bonei, to shield the upper •nrface of the middle and 
posterior parts of the eerebral hemispherei» whilst the frontal is eonfined to 
oovering the anterior lobes of the same hemispherea. 

Herenpon it may be asked whether snch relations and olBoes aie the role 
or only the exception ; and, if the latter, whether it occnrs in the lowest or 
the highest of the Tertebrate series ; whether in that class where the arch»> 
trpal anangement of parts is most, or in that in which it is least departed 
nom? AU these considerations are felt to be indispensable by the homo* 
lo^ in qnest of the true signification of the parts of the aidmal ftame^ 
b(Hore drawing hb condnsions from the firat modification that may present 
itselfL They are nefflected by Cuvier in the oljection to the vertebral cha- 
racter of Olum's *kiefei^wirbeC' founded upon the rdations which the parietal 
bones present to the encephiion in the mammalian dass. Tet the more 
normal rdations of those bones, both to the encephdon and to the alisphen- 
oids, seem to haTO been present to the mind of Cuvier, and to have been 
duly appredated by him when he defined, in 1817, the second eranid dno- 
tufe as constituted by the parietals and sphenoid*. 

yVHh regard then to the first of Cnvier s arguments for viewing the human 
and mammalian parietals as * des pidces particulidres qui ont unedestinadon 
particulidre,' viz. that they are separated from the alisphenoids by the tero- 
■pord bones. If we commence our consideration of it bv the question, wheUier 
thb separation be the rule or the exception, the reply which Nature sano- 
tionsinll be that they are not to separated in any of tlie three great clauses of 
oviparous vertebrate, nor in the miyority of mammalia, nor even, as a generd 
•rule, In man himsdf. With regard to the lecond objection founded on the 
interpoation of the enormously and baekwardly devdoped prosencephdon 
between the mesencephdic spines (fig. 25, r) and the mesenoephdic segment 
of the brain, to which the parietd vertebra essentially relator — itevdue wHI 
depend on the choice made by the homologist between the function of the 
•parietsis as immediate shidds to the optic lobes (mesencephalon) in the cold- 
blooded classes, and their function as mediate ones through the interposed 
mass of the hembpheres (prosencephdon) in the warm-blooml dasses, as that 
which best manifeste adhesion to the ideal archetype. What to me has ever 
appeared one of the most beautiful and marvdlous instancea of Uie harmony 
and simplicity of means by which the One great Cause of all oiganization has 
efiiBeted every requisite arransement under eveiy variety of devdopment, is 
the fact, that the protection of the enormous cerebrum peculiar to the higher 
mammals has not been provided for by new bones— by bones, e.^. devdoped 
from centres so numerous or so situated as to render anv determiuaUon of 
their homdo^es as vague and unsatisfactory as would result from the attempt 
to determine those of the dermd ossifications upon the head of the sturgeon, 
in reference to the endoskeletd epicranid bones in fishes and reptiles. We 
might wdl have expected, had conformity to type not been a recognisable 

' *pwticular 
would have 
type of the epicranid bones 
of the reptile or fish. Yet the researches of the graat comparative anatomisto 
of the present century, and more especially those of Cuvier himself, have 
proved that there is no such difficulty : and a glance at the Table of Speoid 
Homdosies, No. 1, will show that the bones (a, r, ii) most modified in rala- 
tioB to the expanded cerebrum and oerebdlom of man and t««mm^i« are 
•B2sBsAdaMl,Lp.9a. 



iBigDt weu nvre expeciea, nsa cooiornuiy lo lype not oeen a leoi 
prindple in the scheme of organised bdngs, to have had so many *] 
•bonv pieces ' and so situated Si the expanded human cranium as wc 
baffled all our endeavoura to reduce them to the type of the epicran 
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overcome, Uiat I am oompdled to notice tbe iaconniteneiei into which th« 
great CuTier fell» when his judgement became warped faj prnudices agaiaal. 
a theory, extravagantly and, perhaps, irritatingly, contended for hj a eoB- 
temporary and rival anatomist After having estaUiahed by the deaveil 
evidence and soundest reasoning in his great imd immortal works that tlw 
bones (7) in the fish (figs. 8 and 5)and reptiles (figs. 9, 10^ IS, 1% 88) were 
homologous with those in birds (r, figs. 8 and 83), msmmale (f , figs. 18 and 



84), and even in nwn (t, figs. 11 and 85); and, after contending that they 
ought to bear the same name— under whichr indieed, we find him describing 
them in the ' Lefona d* Anatomic Compart* firom man down to the fish— > 
Cuvier comes at last to declare that, in those animals In which ther are* 
separated from the ali^henoids and mesencephaloi^ they are ''partmlar. 
pieces which have a particular destination T 

The relation of the mastoids (s, s), as pan^cmhysca, to the parietal cr* 

Shenoidal vertebra not having beat detected in Cnviei^a time, he sappoaaa 
at the pterygoidi^ in the system which makes a veiiebra of the (qphwwid, 
can be compared to nothing dse than the transvenw processes of such* A% 
according to my views, they are recognizable in General Homolo^ as qvila 
distinct dements of another cranial vertebra, the aignnients which Caviar 
advances in disproof of what he thought they must be called, do not eooeen» 
the subject of the present Report. The Inferior exogenous pr oeame% in- 
deed, of the basi^henoid in mammals are not unlike thoae developed horn 
the under aurfaoe of the centrum of Uie atlas in SmdUgigat, or mm aooM 
of the cervical centrums in birds. The argument founded by Cavier Co tha. 
autogenooa development of the true pterygoid (figs. 84 and 85»s«) would 
weigh little against its paraoophysial nature, if other charaeteni coooaired 
to prove it a *parapophysb; but ite connections and position show It to ba- 
a * diverging appendage.^ 

With respect to the anterior sphenmd, Cuvier afl&rma that Its eompositSov 
IS totally different from that of the posterior sphenoid and ocdpita^and ^ 



friNittu eonnUtflnieBt la piitis saanisire, «t o^ la podtioa da trsa 
lei denx sphtedidM repoadfiit " "* 



t sax troBt inter- wtebmu 
rftioa da nb^oldtsat^riearlvi-iBtekS sit toots diflfireatedscdisdai 

avoBS asm ataat hd, et ds edis d'raeaae vcrtdbrs. H a'srt Jsnali, di„ ^_ 

fumi ds twii piiteti, msb lenkBifat ds dsaxi es Mat prafnasatdsssaassaa ansa 

lei mA cptiqmei, qri psr write da tempi is la pp rsc h s at st is loodsat satia ssx| la 

ertto^)oiiriiaiirilieo.ei taat qas roMifleitloa a'eit.pei coBjdka^ila^asBlnlsitaB '1 

awMsaaqiM da ciitfl^^dsailsqMlflBeie terns pel dstraWisMBoyaair<--^ai|Lnc i! 




; » 



that of any vertebra. By the term * aph^nolde antMeure* Is meant tlw> * 

coaleaced presphenoid and orbitosphenoids (figs. 84 and 85» a and is) ; and tfM 
two bones referred to in the comparison signify, the one, tha baal* and dU 
aphenoids (t&. s and s), and the other tha baai- and ez-oocinltals (jSki and a^ 
With respect to the bone s and is, Cuvier remarka that it la never. In maa^ 
mals, formed of three peces, but only of two; and that these are j wope riy 
the ringa for the optic nerves, which in comae of timeapproainiate and coa- 
lesce with each other: but so long as the median suture divldca than, no 
distinct or third bony nucleus is devdoned in the intervening eaftHaga*. 

Since, however, we see that the homologues (recognised as aneh by Cnvier) 
of the orbitosphcooids are something more than ri^ surrounding the optio 
nerves in the bird (fin. 8 and 83, it) and crocodile (figa. 9 and jB^a)— that 
they are merely notdied by the optic nervca, and are cUefly devefopad in 

• "L'oaavMlaaDnieoBsidAerleipbMMs 
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BCQimpophvibl relaUon to the lidci of tlic proMBoephaloDr-we are led to 
curry our inqoiries ioto an eariier period of their derelopment than that ad- 
doeed bjr Cnvier, as oontraTening their vertebnd charaetert. CuYier eitei 
the figure % in pL suit, of the ' Osteogenia Fcetuam' of Kerfcringioa, as eri* 
denee ci his statement of the defdopmental characters of the * sph^uolde 
ant^rienr* That figure howeyer, eihibits the condition of the bonoi when^ 
althongh the median suture remains, each orbital a)a has become anchylosed 
with the posterior sphenoid, and is likewise directl)r perforated faj the optic 
nenrOi The gelatuioos celb of the anterior extremity of the notochord yeiy 
eariy retrograde to the basaocdpltal region of the basis eranii, and the noto- 
chordal capsule alone is continued to the anterior extremity of the basis. 



Fig. 96. 



This is converted into caitflage, 
and the osseous particles which 
uhamatdy constitute the anterior 
sphenoid are deposited as follows : 
mst a centre or nucleus appears, 
in each orbital ala, external to the 
hole hw which the optie nenro 
paaies torough the prfanitf ve carti- 
ugc (fig* 96t A» It); soon after a 
second nndeus (t^ B^ it) is esta- 
blished at the inner or mesial side 
of each optic foramen ; these cen- 
tres form the foundation of the 
neunmophyses or orbitosphenoids, 
and ultimatdy coalesce around the 
optie nenre, as KeriKringius has 
depicted. Butathhrdpair of ossi- 
ficoentrss (A. C, s) b establbhed 
behind the optic foramina between 
these and ttie baispshenoid (f> 

Thia third pair unite together into a single transverse bar 
before ooalescinB with the orbitosphenoids in front, or with the 1 
behind, and that iMur transitorily represents the centrum of the frontal vertebra. 
To the objection that such supposed centrum is developed from two points 
instead of one, the same reply may be made that was made before lo a similar 
objection raised by Cuvien^nst the general homology of the basisphenoid; 
wmeh objection, as was then shown, would be equallv valid against the uni- 
vemlly admitted homoloffy of the body or centrum or the adai. 

The frontal neurapopbyses manifest in their development, each firom two 
centres (flj^. 96, B, C, it k a transitory mark of vegetative repetition analogous 
tothat wmch permanent^ characterixes the neurapophyses of the trunk-verte- 
brsB in the sturgeon and, perhaps, the frontal neun^Kiphyscs themselves in 
the fishes with the bone s', %.5, FtL 

Thus the eridence of devdopment, when complete^ tells for, rather than 
against the serial homology of Uie <sph6noIde anterieor * of Cuvier with the 
centrum and the neurapophyses of other vertebrm ; and the more obvious and 
important characters of relative position to the other bones of their own seg- 
Bient, and to their homoUpes in the contiguous segments, as well as to prosen- 
oephalie segment and characteristie nerves^ — ^which characters have served 
to determine the special homologies of the coalesced bones in onestion (t, it) 
finom man down to the fish,— ooncnr with the devdopmental characters in . 
establishing the general homology of the presphenoid as centrum and of the 
orbitosphenoids as neurapophyses of the nontal vertebfu. 
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CttTier affirmiy however^ In topport of his aignmenl^ Uia^ altlMNisli the 
orbitotphenoidi are nerertepantea horn the fhmtali, m IbeaUi^hcMiMs an 
from the parietals^ in the mammalia, the j are almost alwa^ eeparaled tnm 
the frootalt in the other daaaeib ao that the Tertebral ni^ it aflain later- 
rupted •• But, were even the frontals oommonlr nplifled abo^o tne oriilto- 
•phenoids in birdi> reptiles and fishes, which does sol aoooid with wttf es« 
perienoe, the objection^ on that soorsb to regardii^ them as ^neural sptocs/ 



would as little apply, as it does to the onlYeisalljraoognised general hooMlogT 
of the separated and nplifted nenrsl arch of the first vertebra of ^ tnink 
of the Silunu (PLI, fig.S), JBjpkgapuM and some other fisheai 

Cnvier finally regards the connection of the lirontals with the prefWrntakb 
which ho calls * et£noid ' in mammals, * rcnchissement do Tcthaiold^* as a 
function quite remote ftom any of a Tertebral chaiaetor, ^ rdatiTo k tonto 
autre chose." This olgection onlv shows the n e c e ss i ^ of a right approd^ 
tion of special homologies, in order to form a tnie judgement respeotiqg 
general homology ; and, with resoect to the * ethmoldie^* 1 mnst lelier to the 



section on the prefWrntab in the elumter on < Special Homology (p»46X If 
the arguments there adduced be held to prove ttie crista gaDi andcribrabm 
plate In the human shull to be the homologues of portions of the i 



tortoise. If the basioccipital,baslsp1ieBoid and presplieDoid are broad and flm^ 
instead of eylindrical, so likewise are the bodies of the snenJvertebns in tho 
broad-bodied megatherioids and in many birds. If the b a slooeipilal and 
basisphenoid are lengthened out and flrady united together by aeepiy la» 
dented sutarsl surfaces In most fishes^ so likewise aiw tlm bwBea of tlte four 
anterior Tortebrm of the trunk In the pipo4lsh (FkUdariOf PLI» fig.6>. If 
the basisphenoid and presphenoid be developed eaeh fkotttwo osrifie eeotrsi^ 
as in man, so likewise may the body of the human atfaa be ossified I andovmi 
should the moieties of thai oentmm not coalcsee at tlw medlaB pbuN^ ^ 

* ^'CsqtmfsiditdsmsriHiai j'sntosmfteamg, umAiith wiaims BOBflfati d 
ipli6idkksBtMear|l«arfBMtte«trAtiftktoatoi ~ 
anUrioiit da csvcsa et k I'sacft' 
a'«a wit jnaii iteri dial Isi 1 
fl I'ett Fnqos toAomn diai lei i 
■Md bMmmgmr^^* P- 714. 




prefrontals and olfactory capsules, we mav next remark that these portioaa i 

are not merely wedged between the orbital plates of ^km fkontal^ but aitien> \ 

late bdund by a persistent suture with the orbitosphenoids. As aeunmo- j 

physes, the coalesced prefrontals of the terminal Tcstebra of the skull thoa 

articulate with their next succeeding homotypes; and, by virtoe of the es- 

cessive development of the spine of the frontal vertebra, as well as from their 

being contrscied and drawn backward in the human sknO, they aitiealate 

with such spine ^the ftontal) as weQ as with that of their own proper ssf- 

ment (the nasals). But, in the crocodile (fig. 9), we have seen a sfanikr 

rebition manifested not only by the more normal neaimphyses (m) of tlw * 

nasal vertebra, but likewise by those (is) of the IWmta( thoee (s) of tlw . 

parietal, and those (t) of the occipital vertebra. 

All the objections raised by Cuvier to the general homology of the eraald 
bones as modified vertebral dements, equallv applv to tJemrnta of veitebrm , 

in the trunk* which Cuvier himsdf ms admitted to he ve r tebra^ notwUk* | 

standing such modificationa. The repetition of the perfbimted ehaiaeter of 
the human alisphenoid and orbitosphoioid in the nenrapophyaaa of the tninbi ' ^ 

vertebrm of manv inferior animals, requirce only a poming notice. The A 

flattening, expansion and sutnral union of the human supraooelpital, parietal ' 

and frontal bones, are matched by the neeial spinea in Ikm caiapace of the 
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would DeverUiden ffill ntain tbeir MWDtlal cfaaneten ai diyisioot of t doglo 
▼ertebral dement: jmt m does the Tomer in the nkmanden^ salamandroid 
fi<bet and serpent^ which be|pne to be derdo]^ from two lateral pointa^ 
like the body of the human aUas oceaiionaUy, without the development end- 
ing, at it dways does in inch atlas, bj confluence of the resulting hdves^ It 
would be more reasonable to repudiate the generd homdogy of the body of 
a whale's doml vertebra with the centrum of the typicd vertebra, because 
it consisti of three pieces set end lo end, than to deny the generd homdogy 
of the vomer because It mav consist of two pieces set ude by ude^ or that 
of the anterior trunk-vertebrm of the silurus because ther consist of two 
pieces set one upon the other (FLI., fig. S, eo, eo, ex^ &cj. These are ex- 
amples of a prindple of variation which Cuvier never permitted to blind hii 
pemption of the spedd homology of certain bones, the mandibular ramus, 
for eiample ; though vegetative or tdedogicd snbdividon is carried out to 
a much greater extreme there than in any vertebrd centrum ; unless, indeed, 
the nutnoer of points from which the whde's vomer be ossified may eoud 
those in the croMBodile's lower jaw. But if the difi*erences in this develop- 
mentd character, vis. of ossification from a single oflsific point as in the vomer 
of the cod, or from two points as in that of the lepidosteus, or from three or 
mora points as in the human vomer, Interpose no obstade to the determination 
of the spedd homology of the bone is from man to fish, it can as little avail 
as as aigument against Its generd homology, which is determined not by the 
devdopment of the vomer JSut by its rdations to the other constituents of the 
seffment of the skdeton to whidi it naturally bdongs. 

The great difficdty which the anthropotomistmay naturally experience in* 
forming an idea of the vomer as the body of a vertebra, will arise from its 
extremely modified form in the human subject : but he must bear in mind 
< ! that it is an extreme part, the last of its series counted forwards ; and if he 

diould desire some higher and better established authority than the present 
"Work before yielding assent to the vertebral character of the bone, under 
hs characteristic * ploughshare ' mask in man, I know no name more iofluen- 
! tid than that of Cuvier himsdf, in regard to the equally and similariy modi- 

^, fied centrum at the oppodta end of the vertebrd series in the bira. For 

^ dthongh the mask of coalescence is superadded to that of strangenen of 

shape in the bone which Cuvier there compares to a ploughshare [vomer, or 
*soc de charrue'3f the great anatomist and cautious generaliier does not hesi- 
tate to affirm that it b '^ composed of many vertebrm " (see ani$f p. 9S\ 

It may,periiaps, be said that the coceyged vomer must be vertebral in its 
nature because it is situated in the tail; but the * petitio prindpii' in this 
argument will be transparent, If we transpose the locality, and say that * the 
cranid vomer must be vertebrd in its nature because it is placed in the 
head.' For what are « head,' * tdl,' * thorax,' or * pdvis,' but so many di- 
vendy modified portions of a great segmentd whole ? These locdities do uol 
determine the nature of the segments componng them ; such knowledge can 
only be acquired by a study of the composition of the segments ; and it is the 
modifications of the segments that determine the nature of the localities or 
dividons of the endoskdelon, to which such spedd names as * head,' * tho-- 
imx,' Ac are appKed. 

Yet Cuvier himsdf, perhaps, little suspected how much bis ideas of the 
esientlal nature of a segment of the endoskeleton were governed by the part' 
v of the bodv In which it happened to be placed. Whenever the young ana- 

I' tomist finds a difficdty from the pccuuar form or devdopment, divbicm 

^ or coalescence^ of a cranid bone» in recognidng or admitting its vertebral- 
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chaimcter, let him oompare tbe mollii of Ut own obMrratioBi vilh 
summed up id pp. 96-101, and lee whether the nme kind of nodiHc 
may not be repeated ia the homdlogooa dement of a TOtehra of tbe 1 
in one or other of the apeeiet of Teftdnate amnMJai 

The latest direet oljectioo to the cranio-vertebral mtem is firoat the pco 
of the odebrated ichthyotomist of Neochatd. M. Agassis w p wssato the 
Guirent ideas respecting this system at the period when he pnblidMd Ua 
obiections to it, in the following graphie passsge of his infdoafale aai 
aiHendid work: — ** It was M. Oken who had printed the fiivt pmramaie on 
thesignificationof thebonesofthesknlL The neW doctrine which he set fottk 
was recetred with eztieme enthusiasm in Germany by the achod of Nats* 
ralists called * Natur-philosopher/ The author at that tioM reoulfed thiM 
cranid Tcrtebra^ and the basioocipita], the sphenoid and tiw eOmioid wcra 
viewed as the centrd parts of these cranid ▼eitebrm. Upon these putandtd 
bodies of Tertebrm weterdaed the archea envdopinc the eentrd paits of tlw 
nervous system (our 'protective plates'^ ; whilst to the opposite siae were aiU 
tached the inferior piecea which should form the vegetative aith destined lo 
embrace the intestind cand and the great veasd (the ' &cid aidwa ' of which 
we shall presently speak). It wodd be tedious to ennmende hen the i ^ 



* '^ C«t It Okai ^ it fmnisMr li prarier prafnmms iv la rildlealta 

Ls wwvdle dootriDs qail exponit fid MtrntSttiti « ABenagM sfse la cnfheariim 



iplvtsd> nicnittnpkivd'^aMnrldkic 
kMtrniOcakmodttaitkMflMBttn. LnoMMco^iadnnt^ 

■iff-^ rif^m. lis intrri flrr^mit 1i ■imiTrrr An Tin?1rrTi naniraiw Jwtil t«aria, Ji^ 

■ept ct mfisM plat ; ki VM vodormt voir del eftta daat let ani brsBeUMKil Im Bichsins r 
In ntm prinet tm dodiRt pov dei aMmbm da k ttu> anslnaam aaa biw atas 
Jtaibm. droaa'tetepaid'aeeorivlannibradcitMiHmiMr&altcMoiai 
laittaqp'oa lirifMitikdMmaoi. Lei aosMndalani In pim btaams am 4K i 
m^ dwrdiakBi aiad Ik iMnlbcr laait i4te» On 



Oni 

pMteadn ooe Isi vMiSbra da la tita telmt amii CQBsttiM q[M ki vwtikni da mni el 
M Bioyea ds dtecBbcneM, da dptiadoM ct da eonbiaiiaoM difann^ OB laaMaa taaki 
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which each author haa rung upon this theme in modifving it a groea My vntl 
hk notiona. Tlieae contented tiiemsdvea with the number admitted by Okea; 
those raised the number of cranid vcrtd^ra to four, dx^aevcii^er even moeas 
aome saw nothing but riba in the branchid urehea and jawa i othefi took tho 
latter for limbs of the head, andogooa to arma and Icga. If thaj oodd not 
agtee about the number of the vertdMse, atill leas were thaj at one in it«rd 
to the part asaigned to each bone. The moat bisarre nomcnciatnraa nmre 
been proposed by different authors who thus sought to gfaerattin thdr 
ideaa. Some have gone ao far aa to pretend that the vcite br m of the bend . ' 

were aa complete aa the vertebrm of the trunk, and by menna of dlamemlMr* i 

ments, with divers separationa and eombinationa thev have redneed dl the • 

forms of ahull to vertebna, amuming that the number of pieeea was in- 
variable for every form of akuQ, and that dl vertebrate antnaK whalew 
tiidr definitive otganizationy borsb in their respective cradat the smne anmher 
of points of osdficatimi •." 
And thns it k that a great truth in natnre haa been endenvowe^ and i ' 



cxtrtme par I'Mk dn pbOoMpha dskMtora. L'Mteor poitidiit 

daertsebet I'oedpittl bMikoc k ipliteidset rcthmoidaltakBtcafk^ee^lm ^ 

paitkieeiitrakidsenvcKtttnienBkBMSi SvenpdtcBdmcvpsdavatttmMaTCieat f 

en am cavdoppsBt ki psrtkt emtnki da n^ilias Bsrvea (am ptomn |ialaciriam)t 
tndk oos dv eat< oppod^takat ittadite dm piten fatfkkoim od detdem knm rma 
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loo neeeBdiill J io r^gud to the lUng gcofanitioB of uiatoiDifl% to be I 

obtoored. Ideas aod ■tatemeDU an miiquoted« unintentioDallj, doubtlcH» I 

and tluoagfa oegleci of referenee to the oripiud work (tm io the dtatioo of 1 | 

the booet representing the bodies of the cranial Tertebm in the Okenbn \ 
theofj); or tliej v« misnnderstood (as where the arches^ nenrapophyscs or ^ 



* bogentheile^* composed as Oken trulj said by the aiisphenoids and orbito- 
sphenoids are held to be qrooormoiis with the * plaqnes proteetrices' of M. 
Yogt) : the most extreme and teast defensible riews are selected ont of eaeh 
tentative step in tlie inouiiy, and are dabbed together to re p r e sent the 
meral resnlt, wliich is or courw dismimed with as sweeping a oondemnatioii. 



The specifie oljectioos raised fay Cuner are deemed welffonnded and on- 
assailable ; and to these Bi. Af^ssis adds the following. Assamin^ that» 
^the formation of TeitebvB presupposes as a first ooraition the ezistenoe 



of a notochord* ;** and, argmng upon this basi% and with a belief that the 
oephalie extension of the * choraa domlb* as it is permanently manifested 
in the Bnme k wttoma is not so great in the embryos of other and higher 
fishes^ twit is arrested at the region of the alisphenoid from the commence" 
men! of its derdopmenty M. Agpssix eoodndes:— *■ Now, the application of 
this prindpie to the composition of the skull demonstrates at once that there 
exists hU am enudai vtrUbra^ A§ ceeipUai veriebra, and that tlie rest of 
the skull is foreign to the Tertehnd syrtemt*** 

At the period of deretopnicnt described and figured by M. Yogt in the em* 
biyo of the Cangomu^ which period M.Agassis coocdTcs to represent thevery 
earnest condition of the anterior extremity of the notochord, the pointed ex- 
tremity of the gdatinous centrd cdls of ub part terminates at the posterior 
boundiary of the hypophysid space: but the peripherd capsule of the notodiord 
extends over that space and forwards to tiie obtuse anterior extremity of the 
embryond * basts cranii *: and it is in the expanded apmieurosis, directlr con- 
tinued from the chorda alons the bods cramii thai the thin stratam of carti* 
lege cdb are devdoped, artming dong the sides of the hypojphysid speoe^ 
from which the ossification of the basisphenoid, presphenoid and yomer 
proceeds)* 

The snperaddition or the later continuation of the qrlindricd gelatinous 
*diorda* m the aponeurotic bads of the cartilaginous and « 



I growths of 
the Yertebrd centres in the trunk, seems to rdato chiefly to thdr more or 
less cjlindricd form in that region : the notochord regulates, asa mould, the 
course of ossification, disappearing by abeorpdon as Ute bony lamdlss of the 
veftebrd bodies encroadi upon it in thdr cent ' 
plays » f 
capsular; 



omncanon, onappeanug oy aosorpoon as ine oony lameiim oi ine 
bodies encroadi upon it in thdr centripetd progress: the notodiord 
important part also in the establidiment <^ the dastic idly-filled 
joints in the back-bone of fishes ; and therefore it might wdl be 




crsnid Yertefa 

the derdopment of only one of the dements of the typicd segment of the 
endoskdeton. It Is obvioudy, therefore, an unwanantable and ei roneoue 
miicatioii of a derdopmental character, to condude^ from a modifica- 
tion of thb one character in respect of a sin^ dement, the < centrum,' that 
erery other character establishing the generd homdogy of such dement, as 



•.sods donds."*— QF-ctf. tan. Lp[TS7tifi; ziia. (184S.) 

fOftrsppliMlioads cspriacfr ikkcompo il tiondalstHsaoBimootied'ttdsfrtl 
a'edsls pfwm wtuk wrMm n -fii lt i Bn^ Is wtrMn 9e€fpiiwk, ct ^ Is rails ds la tlu sit 
AnaMT sa mtias vntAnls."— A. pb 1S7. 

flutsrisa Lsctam so Vcrtiteils, 1841b F n« 
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well M everj ehaneter detenninlng that of tbe •urroanifiiig vertebral d wae a l ^ 
are to be nallified and eei aaide I M. Agawii» moreorer^ aeeme not to bave 
suspected that the notochord maT have other and more immediate and import* 
ant funetions than even those ndating to the vertebral oblamn. The peodiar 
elective attraction of its eomponent oeib for the gdatinons principle mavbe ea- 
sential to the due operation of those neishbonring cells which form the basis of 
the neural axis, and which as exdnsivdy assimilate the albununoos principle t 
and this reciprocal antagonism in the selection of particnlar proximate piio- 
ciples from the common primitive bhutema may expain the oontemponneooa 
origin of notochord and myelon in the embryonie trace, when all developmeDl 
is as yet the work of ceH-assimilation and metamorphosisi idthoot any avpply 
from a vascular system, this bdng a later formation in the building no of tlio 
oiganic maeliinery. By confining, however, his views of the notochora to one 
of its funetions in relation to a smgle vertebral demen^ and by exteadlnj^ bia 
conclusions from this to the entire vertebra, M. Agassix, thov^ leoogniaiqg 
more absolutely than Cuvier, the vertebral character of the Denial arch of 



the occipital segment, concludes that Nature discards that type in the 
formation of the bony dnctures that precede it and which soceesslvdy giii 
the mesencephalon, prosencephalon and rhinencephakm. 

Premising a gratuitous explanation of the hypothetical absence of the bodici 
of the cranial vertebra (Poissona Fossiles, L L p. 128X M. Agaaslt asksb 
** Ainsi, que seraient dans cette hypothdse, le sph^oide principal, lea gnndea 
aUes du sph^noide^ et I'Mmoiito, qui forment ponrtant le plancher de k 
cavit^ cmbrale ?— Des apophyses ? — ^Mais, lee apophyses ne protdgent lea 1 1 

centres nervenx que du eAU et d*en haut? — ^ues corps dcaverttees?-* 
Mais ils se sent form^ sans le concours de la eorde donale; ils ae peovcat 
done pas htn des corps des vertibres." (Ik, p. 1S9.) To this it umj bo 
replied, first that the bodies of the cranial vertebrm are not abaenti they 
are represented, as above explained, by their oortical portioBS In ^ vomer 



(fig. 5, u), presphenoid (t& s) and basimhenoid (A. sX and by both oorttal 
and central portiona in the basiocdpital (tft. t) t nay, the central part of tlw 
body of the frontal vertebra is represented In aoooe fishes by the entosphepoid 
(tft. s^, which remains distinct from the oortical part below, aa doea the central 
part of the body of the atlas in the nluraid fish* If it were tras^ fawleod^ 
that the entosphenoid was pieroed by the canals tranamittiog the oUho- 
tory nerves*, Boianus' idea of its general homology as the oentram of tim 
'vertebra optica must be abandoned. But the parts called *olftoloij 
nerves' by M. Agasrix, pam from the prosencephalm to the rhineacephalra 
compartments of the cranium not merely above the bone called 'eraidal 
ethmoid ' by the same author, but, also^ through the npperpart of the f 



space between the bones (oibitosphenoids) which the entospbeaoid (¥% 
sustains: and the true olfi^ctoiT nerves poforate the neonpophysea (u) 
which Boianus called 'ethmoid^ and which Cuvier and M. Agasals havo 
termed 'frontauxantCrieun' (see offft^ pp. 46n58> The aUsphenoidib bdbng 
notched or perforated by their proper intervertebral nerves, ara 'apophyser 
(neurapophyses), and accordingly do protect the ndes of thdr proper nervoBa 
centre, the mesencephalon. The oentralJeOy-cellaoftheBotoeliord appear to 
be withdrawn into the occipital region befora ossifieatioo of thebasispiienoid 
commences, and that modified vertebral body la thcrefora devdoped at te 
expense of the fibrous sheath of the notocMrd, and la rapra ieB ltd by Us 
* cortical* part only. But its general hooobgy is detemttoed by Us < 
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mtdOom with the basioceipilal (admitted by Agaasis to be a Tertebral bodj) 
behindy and with the alitphenoidi aboive. 

In manj fishes the basitphenoid unites with the basioccipital by a deraly 
Indented satural surface, like that which unites together the elongated bodiea 
of the anterior tmok-yertebraB in the Fitiitiantu In mammals the badoo-^ 
dpital and basisphenoid join each other by flat anrfaces, also lilie the bodiea 
of the tmnlL-vertebraB, until the period when, in most of the dass, the 
joint b obliterated by anchylosis. These and similar repetitions of dass- 
characters of Tertebral dements in the regions of the head and tronlc are not 
BO wholly devoid of signification, as they must seem to be to the opponents 
of the cranio-vertebrd theoiy. 

In his new and elaborate classification of the bones of the slcnll of fishes, 
M. Agassis divides them primarily, like Cuvier, into bones of the eronnim, 
or * box which envdopes the brain and the organs of sense ' : and into bones 
ofiht/aeef * which is composed of the moveable pieces subservient to nutrition 
and respiration* ^L e. p. 110). 

This divinon is open to the oljection that the bony or oartilagioous cap- 
soles which immediatdy envdope the organs of sense are dwavs origindfy, 
and most of them permanently, separate from the box or capsde that env^ 
lopes the bnun. The independent character of the ear-capsules, for examplcb 
b manifest on thdr first appearance in the ammocete ; and, although they 
subsequently lose their dbtinctive features bv the accumulation of cartilago- 
odb around them in which the foundations of the neurapophyses and parapo- 
physes^ contributing to the otocrane^ are laid, one centre of ossification b 
commonly establbhied, even in fishes, in spedd rdation to the immediate 
protection of the vascular and nervous parts of the labyrinth. 

As to the proper bony mivdope of the eye^ M. Agassis does not enumerate 
it amongst the cranid bones or fishes : but admits into that series only the 
accessory protecting pieces which form the orbit ; or rather only those that 
at the same time form the brdn-case : for, the suborbitals, the entopterygoida 
and palatines are placed amongst the *faeid' bones : whibt the supraorbi- 
tab are transferred to another category of osseous pieces, the natuFsf system 
here prevailing over the artifidd one. 

Subjoined* b an outline of the arrangement of the two primary classes of 
'eradd' and 'fkeid' bones, founded upon the embryologicd researches of 
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.AL Vogt WiUi regard to the series of nine udifls bto vUek iht htUL 
bones are dbtribate^ it may be renuurfced tbal the iodepepdoiee of tiM 
Trom the palatine^ which is 




larj from the palatine^ which is more apparent than real in the < 
ceases to be manifestal in anv degree m the plagiostomes and lepidoaims 
that the first and second arches are soipended ^ their crowns with their 
haonches pnjecting freely outwards, whilst the third and fooith webes an 
suspended, m the reverse position, viz. inverted, with the crowns or kcj-aCoaca 
downwards : the four next archcw are rather complete ctnctiire% their i 



. giostomes and cydostomes, to the under part of the vertebral eolnnin ofOo 
trunk. Although professing to base his classification upon devdoposeBtai 
characters, M. Agassis owns with r^ard to the posterior bnndieB of the 
mazillaiT arch, e. ^. tlie suborbitals, ** that thej apoear to be rather foraasd 
by the <fermal system." And this is un(|uestionabIv tme : whilsi the pabp 



tines, which are the true ftos of the arch, are developed from the 1 
of the same visceral arch as the nuuDllaries and premazillaricsb 

The error in regard to the special homology of the suborbital boBes» deles^ 
mined by M. Agassiz as the malars, and which b so dearly fipoaed hf tfM 
structure of the skull of the PsUtaddm (oiiftb p. 41), has misled Um m r^ 
spect to the naturd and typicd constitution of the maxillaiy wrdL 

The mistake in reference to the spedd homdogy of the epi^fmpanie (sseX 
determined by M. Agassiz as the 'mastdd,' has, in like maBner» Infloeaeed 
him in dissociating it from the other dismemberments of the ^fmpiade peifids^ 
and referring it to a difl)erent arch* . . 

With r^ud to the hvdd and branchid ardies, it wiO beobaerved thai 
M. Agassiz makes no distinction between the sjstema of the eenro* and 
^no-skdeton. An arch constant and ossified in all vertebntea where 



be rest of the endoskdeton is ossified, and which, even admitting If. Agaasb* 

nooemofthef 



spedd homdogy of the preopereular as the s^loid prooem of the te mp eiet { 

•would still be suspended in the inverted podtion. Use a trae haemd eieh^ la 

placed in the same eatery as the branchid gircHes, which are oAee caitib* 

ginous when the hyoid is osseous, in bony fishes ; and whidi d l s iy pe e rt !■ the 

metamorphosis of the tadpde, with the evanescent re spiial ofy viaeen Ibr 

the support of which they are ezdndvdy deveWped. i 

The constitution of a distinct 9th facid arch for the posterior pair of braa> 
chid girdles, which retdn their gills in Iraidodren, though mediied in ieW ^ i 

servienoe to mastication in most osseous fishes^ ^>peata lo be giving nedne a 

importance to an artifidd or adaptive character. Finally, the wteial eoB* " ' 

nections of the scapulo-coraooid arch in osseous fishes are totdiy dimcgaidcd^ 
and it b left out of the enumeration of the bones of the heed. 

Hie unbiassed anatomist mav find an dement forjudging of the Mderd 
diaracter of the cranio- vertebral system propounded in the ptieaet Rmi^ 
by contrasting the classification of the bones of the fidi'a skdl to wUtt k 
lads, with that proposed bv M. Agaasii, and with nalnra^. 

Having thus responded to the oljections advanoed by Cevler and M, 
Agassb to the inteipretetions of the s^mentd constitntioii of the booea of 
the head which were open to the criticism of those great aatheritiea !■ ;i 

anatomy, I proceed briefly to ezpldn the segmentd eoostitatiM of tim booea I 

• I tin boimd boe to ny that la tlM dlMsoMteed the nkjectd fids lipsrtwllhll. I \ 

AgSMii, whJA, amount ethg idTaiitsgMsftheasstiMidths Btithh lsinriartsBLlse> \* 

Jojcd al 8oiithmptoB,be tdBiittod,inthhb«hsn(«AtieftiakDM,thiSsoBNBs^ |; 

VbdsMiacatfcwiortbtboacidthshwdintaheswod^rMoirwrMBniHiiBtfUB OUs if 
Ike cniacBt phyilQloi^ who was piCNBt al the debate whkh MIswBd As leafltaV flfte 
.Bcport, baa neofdeTtba InvtMioB ft prodoced anon Mb iaacafbwaf bw* 
Laetuia oa Yaitabnte' ia • tbs Biiikb sad tactgii Usdbsl Bsfisw/ Ksw iT ' 



tactgii Usdbsl Bsfisw/ Ksw iM. fi 4ft. 
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of the frank of the haman rabjee^ aeeordlng to the erehctypel ▼ertebiii vith 
which the fegments in the head have been filoatnted. 

The fifit seven legmentaof the trani^ oondtt each ofcentram (fis. S5»e)» 
neerapephyietrii), nearalmioe («), and radimental pleurapophTMsQifX which 
coaleicc^ in each legmenti into one bone, caUed < omcal Tertebra' m anthro- 
potomy. If the hinnapopbyiet (it') have the lame relation to their oentram 
which tboi« of the tevenUi donu rertebra, in the Geoma Arffolot more ob- 
▼ioosljr bear to thein, — that ia»beingattached below and disunited at theirupper 
ends from their plenramdiyiei, whicAi are short, stunted and anchylosed to the 
eeatrnm,— and if, as the apparent homologues of st^in fishes would indicate^ 
the atlas be actually the centrum to which such detached and shifted henna- 
pophyses belong, tlien the first will be the sole segment of the oenrical region of 
the trank in which those dements are oeilfied. 

In the seren rertebra which succeed the cenricals the pleorapophyscs (pi) 
are progres s ively elongated ; they are shifted from their proper centrum to the 
interq[)ace between it and the next segment above, or in advance, and retain 
their moveable joints. The haemapophyses (A) are cartilaginous and articulate 
with the ends of the pleurapophystt and wiUi the haemal spines (A#), which are 
flattened, slightly expanded, and ultimately blended into one bone called * ster- 
aam.' Tbe haeinal qiine of the first typical segment remains longest distinct : 
it receives, also, the extremities of the displa^d haemapophyses (st*) and has 
been called * manubrium steraL' The haemal spine or the seventh segment 
eomaionly continues longer distinct, and is later in becoming ossified, whence 
it b called < ensiform cartilage ' : it probably includes the rudiments of some 
enoceeding haemal mines. In the four succeeding segments the pleurapophysce 
become progressivdy shorter, and the haemapophyses, still cartilaginous, are 
severally attached by their lower attenuated emu to the pdr in advance ; 
leaving the haemal arch incomplete below. In the next vertebra (19th from 
the skull) the still shorter plenrapophyses resume the exclusive articalatioD 
with their proper centrum ; and the correspondingly short and pointed haeoi- 
ap^hyses terminate freely. 

Those plenrapophyses and haemapophyses which directly articulate with 
hcmal rotnes (steraum) are called collectivelv * true ribs ' (oostas vetas), the 
pradmal element being *the bony part of the nb' ^pars ossea ooetaa), the distal 
one the < cartilage of the rib.' The rest of the hiBemal arches whidi are In- 
oomplete through tbe absence of the haemal s^nne^ are called 'false libs' 
(costSB spurise); and the last, which terminates freely in the origin of the 
diaphragm, is a ' floating rib.' The centram, neurapophyses and neural spine 
of each smnent with fretAy articulated pleurapophysce coalesce into one bone^ 
called * dorsal vertebra ' in anthropotomy : these vertebrae are twelve in 
number. Each of the five succeedmg segments is r e prese nted by the same 
elements (centrum and neural arch) coalesced that constitute the so-called 
dorsal vertebrm : they are called * lumbar vertebras ' (fig. 25,1*.): they have no 
ossified pleunpophyses ; and the haemapophyses of theee segments are *^pi^ 
seated only by the aponeurotio ' inscriptiones tendineas musculi recti' (k*% 

Certain ements of the five succeedmg segments (t6. S.) ooalesdng tc^gether 
in the progress of growth form the bone called 'sacrum': and are dcMribed in- 
dividually as sacral vertebrse. The first four of these each combine the same 
dements, coalesced, as in the neck ; via. centrum, neurapophyses^ neural spines 
and short but thick pleurapophysce* : in the fifth sacral vertebra there are no 

• J. Manor MtlesB fiis fuAaiCBtil ifbi la tht flnt and teeoid aaoal icrtdmssf «m 



in his AnatoDls der MyifaMidea, iMft L 18M, p. 240. Mr. GMils hm 
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oeaeoui radioieiiti of pleimpoiiliywt s and Uie nearal tpine b oommoolj «b- 
devdopecL One or mora typical segments are oMoosly completed I7 the 
meeting of the broad sides of the InTerted arch (tt, stv S4) at the *iichio- 
pabie symphysis' forming the 'pelvis' of anthropotomy. Before* howefert 
entering upon the difficait inqmry into the general homology of the pdvlsb 
I would beg to rafer the reader to the analysis of the sacmm of the ostrich 
eiven at p. 95 : and I hera subjoin a fignre of seven of those veft e bf^ 
from an imraatura specimen, the pleurapophyses being removed from dl 
save the last Q'O*^ order to show the change of places the new 
n i^4» in relation to their centrums, e 1 to « : ilil ara the Ions di 



/I the short parapophyses. The sacral spines, « t, ara < 

In the bird the modification of the vertebral segments at' the posterioc 




Flg.«7. 




region of the tmni^ in rdation 
to the transference of the whole 
weight of the body and fore- 
limbs Swings) upon the hind- 
limbs, is graater and mora ex- 
tensive than in the *bipe8 im- 
plume^' and the essential nature 
of the pelvic arch is still mora 
masked in the bird than in man* 
In order to obtdn an insight 
into the model according to 
which it u constructed, we must 
descend still lower, even to the 
humblest of the vertebrated 

creatures that crawl upon the 7 «cid«<HiAis«rt fMt wirfA (a 
earth. The example which is hera sdected for that puipose is the peiani- 
branchii^ amphibian called Mmopotm Alkghanmimuitm 
The three anterior ver. pig. ^ 

tebrm which answer in po- 
sition to the * lumbar' in 
fig. 25, diffbr chiefiy fai hap 
vmg rudimental pleurapo- 
physes (Pi) artieuUted to 
the ends of the diapophyses 
(py In the next vertebra 
ttiediapophysb(iy)andthe 
rndimenUl pleurspophyiis 
(Pt) ara thickeiied and 
enlarged: a second plem^ 
apophysialrib«kepieee(ss) 
b joined by one end to the 

plenrapophysb, and bv the •«»«i^— ifc^Miii f i n iwiia inn%in M i^iiaip Mh^ 
other to a broad partially ossified cartilage (s«) which meeta and joiaa Hi 




feDow, completing a hsnnal arch and raising the vertebra in 
the tvpical character. A radiated appendage^ moreover, diverges ob each 
side from the articulation between ss and si, and fonna the hind^wbb Now 
the special homology of thb limb with the undivided fikmatarj appembfo 
simOariy situated in the lepidoriren, and with the ventral fine of flehiOa 
the descending series; and witii thehind-limbof otherraptflei, of bb^aad 
of mammals in the ascending series, b unnustakeablcb and, I bdievc^ b fsoe 



ralfy admitted: so that eomparstive anatombts have not hesitated lo 
the rib-like bone^ st, 'Oiuni,' and the part, •«, «pnbb* in the ] 



IM OK THB VBRTXBRATB IKKLBTOIC v ..- 

. Tlie special homologies of Uiese dementi of Uie pdnt being lliot deteiw 
mined» it foDow% tliat their senend homologyy as it maj be revealed by the 
•imple oondltioQ of the pelyie arch in the species in which the pdvb, as 
complete and fixed to a saenim* makeB its fint appearance in the animal 
kingdom* will be equally applicable to the parts vnder all their metamor- 
phoses in the higher air-breathing Tertebrates* 

The correspondence of the segment of the endoskeleton in the menopome 
ly, TV, H, A, with the ^cal vertebn, as illostrated by fig. 15, b snch, 
tiiat any other explanation of its essential nature than as a representative or 
repetttioD of such fullv developed segment or vertebra seems contrary to 
nstoTB. The chief modification has its seat in the most peripheral part or 
appeoda^ A. as compared with its simple homologue in the thoracic segment 
m the bird (fig. 15). If ss and s« are to be regarded as strangers to the 
vertebcil system, new parts introduced for special purposes, and not as 
normal elements modified for such purposes, J am at a loss to know on 
what principles, or bv what series of comparisons we can ever hope to attain 
to the higher generausataons of anatomy, or discover the pattern according 
to which the vertebrate forms have been constructed. It may be sdd that the 
arch which they constitute performs a new function, inasmuch as it sustains 
a locomotive limb which reacts upon the ground. But this new function 
arises in the menopome, rather out of the modifications of the appendage 
than of the arch itself. In so far as the mere support of the appendage is 
concerned, the inverted or haemal arch TV, H, performs no new function, but 
one which is common to such arches in the thorax of tiird8,and to the less com- 
pletely ossified homologous arches In the abdomen of fishes, where moreover 
the simple diverging appendagM do give attachment to the muscles of loeomor 
tion. Uomparing, then, the haemal arch in question with that of the typical 
vertebra (fig. 15), we find that, like the scapulo-ooracoid arch in fishes 
(fig» 5, H i% its parts are open to two interpretations. The uppor piece of 
Pr may be the whole pleuiapophysis, the lower, st, the haemapophysis, and the 

Crt,si, the half of an expanded and bifid haemal spine: or PC with st, may 
I two portions of a teleologicallv compound pleurapophysis, and S4 the hsen^ 
apophysis, which would join with its fellow without, or with a mere rudiment 
of, a haemal spine intervening. From the analogy of the scapnlo-coraooid 
ardi in fishes, which is proved by its modifications in higher animals, to 
want the haemal spine^ it b most probable that such is the condition and 
true interpretation of the correspondingly simple pelvic arch under considera- 
tion* But the general relation of this arch to the haemal one of Uie typiod 
smnent b not wected by the alternative. . . 

I regard, therefore, Pf , st, as two portions of a fully developed pleun^phy- 
sb ; and the pleunqpophyses, /% Prof the contwuous vertebrae as answering 
anij to the upper portion of the pelvic one. u ascending from the meno- 
pome to the crocodile, we find the homologue of ss broader than it b long, 
and articulated to the thickened proximal portions of the pleunmophyses of 
two segments ; and we observe, likewise^ the pelvic arch oompletod bdow 
by two pairs of haemapophyBes : for the anterior pair the name of *oasa 
pubb' b retained ; to the posterior pair that of ^ isdua* b given. In general 
homology these bones complete, as hannapophyscs, the two vertebral seg-^ 
ments modified to form the sacrum of the crocodile; and the intermediate 
connecting piece (ilium) may be interpreted, as either the confiuent distal 
portions of the plennqpophyses of both vertebrae, or as an expansion of one 
such portion, answering to ss in the menopome, mod intruding itself between 
the stunted pleurapophysb and distant haemapophysb of the second saend 
vertebrae in the .dooodn^ 
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Id Ibe bird tbe ezpansioo of the dement n prooeede to a fortlier i 
and besides the proximal piece of the pieoimpophTtis of Its owa segmeBt» tho 
bone St b brougbt into connection wiUi the homoiqgone stvntcd or proilmal 
ends of plearapophyses of serend oontigoons si»ments^ in the Banner indl- 
eated bj the dotted line in fig. 28, and in PL IL fig. 4^sb. Now» if the flinnb 
so expanded* were interpreted as the coalesced complenientaiy portions of all 
the short plenrspophyses with which it articolatesi its condition would be veij 
similar to that which Oken has attriboted to the scapula. Bat its ossificatte 
radiates, as in the simple rib4ike ilinm of the menopome^ ftom a oomoMMi 
centre : there are no corresponding multiplications of haemapophyses below i 
these are restricted in the pelvis of all animab to the numbw which they 
present in the crocodile. And since the scapula haa been prored to be^ under 
lU roost expanded form, the homologue of a aingb pleuranophjsisb so also I 
am disposed to rmrd its homotype» the iliun* as maintaining under ereij 
variety of form and proportion, the same fundainental sinrieness of charaoter» 
as it presents on Its fin^t appearance in the perennibranduate baffiHiiant . ' 

The first sacral vertebra, then, in man is complete; but its pleunmo- 
dividcdy and the lower portion expanded to form the so-aJled 

i). Th^ Ita^mmpftphjA (m>) An ^li > «< N» awSll> that ftf tfc^ ■y^^^tffdJ W 

vertebra (si), and with its own pleurapi^ysb (ss, fij^.^ and PL IL fig. 6fc 
The seoood sacral vertebra haa its lueroapophysas (ss, called 'iachhun*) 
ossified, but separated from its proper pleurapophysis 1^ the expanded (iliae) 
» preceding vertebra, with which It coalesces^ as wuO aa 



phjsis b di^ 
•iliam*(st) 



portion of that of the [ 

with the preeeding hsemapophysb (pubb). The short and thick pleuiapi^ 

physes or the third sacral vertebra also articulate in the adult wink tbo ub- 

panded distal portions of those of the firrt sacral vertebra: bat these (Qfaa 

bones) are restricted in Infancy and early childhood to their « 

with the fint and second sacral vertebra^ iHiich connections are ] 

u most reptiles (PL IL fig. 8> 

The fourth sacral vertebra consst^ In man, of centrum, neurapophyaes^ 
and rudimental plearapophyses; the fifth sacral vertebra of eantnun and 
rudimental neurapophyscn, which rardy meet above the nennd canoL 

In each sacral vertebra the elements of the nennd arch and mdimcatal 
riba first coalesce together; and afterwarda the vertdirm nnita with eaeb 
other and form the anthropotomical bone eaDed * aaenin/ 

The first coccygeal vertebra in man oonasta of a centnnn and of stunted 
neun^iophvses^ mle apart above, but developing xygapophysesb whl^ join 
those or the last saeral vertebra, and dimphyses which extend o ut w a rds 
further than those of the same vertebra. The neurapophvsea are repreaealed 
by exogenous tubercles of bone in the second coccy g eal vertebra ; and the 
third and fourth vertebrm are reduced to the eenlruma only. 

The cartilaginous deposits in the primitive blastema of thk extremity of 
the trunk indicate a greater number of caudal vertebrse, and the rudimental 
tan b proportionally longer in the embryo than in theaduh. It b ahorteDe^ 
however, oy absoiption prior to the commencement of irtififutfim, and bnl 
four segments are m<ticated by depositions of the earthy salts in theaitaaliona 
proper to the above-specified elnnents of a typical vertebra t these iaal^ 
coalesce into a single bone ** of a crooked pyramidal fignrsb* which got ili 
name of ' os coccygb' flrom its supposed resemblance to a euekoo'a beakf* 

The early recognitioit of these and other qiecblities arisfaig out of thn v»» . 
rious adapuve modifications of the typical segments of the human skcktoe 
found its expression, n e c e s sa rily, in special tms, the convenience of wUeh 
Fin ensure their permanence ; but the pragrem of anatomical I 

iflfthsMececTsiiL-— M«ara.ic;p.l42. fApiML 
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Bofolded the primarj form whieli b tbe btiit of those modificfttioiu, then 
ftriiet the Mine DeceiMty for giving atterance to ideas of the generie cbip 
imeter of the parts bj general terms* 

Inasmachy however, as the different segments of the human skdeton de- 
viate in varioDS degrees from the common areliefTpe» and as the di£Rerent 
elements of sueh segments differ in their modifiabiUtyy anthropotom;^ haa at 
no period wanted luso its * genend terms' expressive of the recognised ex- 
tent of sach conformity : such terms also* indicating, obscurely mdeed» so 
much perception of the pre-ensting model as could be obtained from the 
stody of one form, at a period when that form— the human ftame— was 
viewed as somethinff not only above, but distinct from, if not antithetical 
to the structures of the brute creation, and when it was litUe suspected 
that all the parts and orsans of man had been sketched out, in anticipation^ 
so to qieak, in the inferior animals. Thus the word * vertebra' shows, 
by the number of the segments or.parta of segments to which it is applied 
\ in anthropotomy, a recognition of the degree in which the principle of 
repetition of similar parts more obviously prevaib in the construction of the 
human endoskeleton. And, inasmueh as in some regions (the cervical, e^A 
' the * vertebra' includes all the elements of the typical smnent, there developed, 
it has been retained in homological anatomy, but, witb a more consistent and 
definite meaning, as the technical term of the primary segment of the 
tndoskeleton in sJl vertebrate animals. 

The * true vertebras' of anthropotomy are those segments which retain the 
power of moving upon each other ; and the term b applied in a peculiar and 
empirical sense very different from the meaning which the anatomist at- 
taches to a true or typical vertebra. The * false vertebrm ' of anthropotomy 
are those sesments or parts of segments forming the lower or hinder extreme 
of the endoskeleton, and which do not admit of reciprocal motion at their 
joints. And Monro^ admitting that the condition of even ihe human oa 
oocevgis sometimes n^ilitates against the definition, meets the objection by 
arguing for the specialitv of that bone, and with as good or better reason 
than £ose who have subsequently contended against admitting the cranial 
segments into the category of Tcrtebm. Trom the description of this bone " 
(os ooccygis), ■* we see how little it resembles v eri A rm ; since it seldom haa 
processes, never has any cavity for the spinal marrow, nor holes for the pas- 
sage of nerves* " 

Embryology has since demonstrated that the parte of the os ooccygis are 
originally in vertebrsl relation with the neural axis ; and that Uiis is subse- 
quently withdrawn bj a ooncentrative movement, which in like manner 
withdraws it from the tenfiinal segment at the opposite extreme of the endo- 
skeleton. The homoloffy of the mvisions of the sacrum with the true ver* 
tebrm is admitted bv l£>nro» because of the perforations for the nerves : and 
this character b still retained in the nasal vertebra in the form of the cribit- 
form foramina, although iu neurapophyses, like those of the sacrum, have 
lost their primitive relation to the neural ads. 

Homological anatomy, therefore^ teaches, that the term ' vertebra ' should 
not only be applied to the sesments of the human skeleton in the technical 
and dcnnite sense illustrated by figs. 14 and 15, but be extended to those 
modified and reciprocally immoveable s^ments which terminate the endo- 
akeleton auperiorly, and are called collectively • skulL' (FL U. fin. 1 to e, Cr.) 

The term * headC' then, indicates a region of speciallv modified vertebns, like 
the terma * neck,' * chest,' * loins,' Ac ; and amongst tne species of the primary 
aegments characterised by specific modificationsi the ^ «»BiAl ' wmHmhm^ ■»«•* 



' cranial' vertebns must 
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be added to the < eenried,* ' Chonde or dondt' MoflOiar, 

getl or candiLT ' 

Such, with refereoce to Che 'generel* term 'vertebra,* Menato be the 
advance of which anthropotomioil ecieooe it siiacciitiblc^ Ib oftler to keep 
progren and be in harmony with anatoon^* 

At to the elonenta of the ^pical verteua, anthi 
ral phFBiet (lee Table II. colanin vi« * SQeiiioierriiig«')» Mune of w1 
equivalent to the clearij defined technical terms of saeh dementa in ~ 
properly so called. 

The serial homology of the centrum (eDfpiitwrtlB6r»} baa bees raeogoised 
in all the so-called «truevertobns,'andlBsoBie ofthe'&laevertebnir thai 
Monro says, <* The fore-partof the os jaemm, analogooa to the iNMUesoftbe 
true vertebim, is smooth and flat •* But their smooth and flat homolypes Ib 
the skull have only the special names of 'basihr' and *cuneifofa* pr o c sas ta ; of 
'proceisusazygoa' and* vomer.' The'oeurqiophyscs'arerMognisedaai^ 
petitions of the same part under the definitions of <a bony bikl^ p ro d Bei4 
backwards firom each side of the bod^ of the vertebra,' of ' orwis p esfc r mr 
vcrteftftt^' of ' vertebral laminae ' or 'pedidca/ Monro detcribea tkicse rudi- 
mental elements in the last sacral vertebra as 'knobs,' and fai tbefint coeey^ 
geal vertebra as its «sboulderk' In the skufl ther reedve the special defiai. 
tions of ** the pieces of the occipital bone aitoatcd on each side of the gtcal 
foramen; from which nearly the whole oondylea aieprodaeedt" (poftelsis* 
mfe» teu etmdykridem^ Soem.); *great'or * temporal winn of the spbeooidal 
bone^;' 'orbitar wings' or 'processes of the iphenoidar bone;' 'aaeal'or 
'vertical plate' and'CMtogaUi'of the ethmoid('/Mfymed fa e wif#rti weidbi^ 
Soem.). 

The neural spines are called generally * tpmai pneeuet* ia every smmbI 
of the trunk: in the head they are known only hj the special namea 3t 'o^ 
cipital plate,' ' parietal bones,^ ' frontal bone; ' naaal booea.' 

Hie pleurapophyses^ when free, long, and slender, are called ' HU^ 'verte- 
bral ribs,' or 'bony parts of the ribs'; when short and andiyloaed, they aiB 



called, in the neck, "the second transverw poeesses that eoow out fttNB tlie 
sides of the body of each vertebra} ;* (roAx prior ptv numt inmmmwi eufw 
fe6ni,Soem.;) In the sacrum 'transverse processes 'and 'ilium'; in the akaik 
* sci^la', ' s^loid process of the temporal bone^' ' eztenal andtoey or tyi^ 
panic procem of the same bone'; 'palatiaeboBa/. 

In like manner the serial homology of the haemapophysca la lecqgnised in 
' the thoracic resion by the general term ' cartilages of the ribe'or 'eartSiigea 
of the sternum I there ap^ed to the same demento of twelve soeeeasive sc9» 
meats. When ossified in other vertebrm tber have reeeived the special names 
of 'ischium,' 'pubis,' 'concoid process of the scapula,' 'davlrie,* 'appeadii 
or leaser cornuaof the hyoid bone,' ('crKfo npenora/ 'os AyiMlrMgMrtHi/ 
Soem.), ' lower jaw' or MaiMfiMb, ' upper jaw ' or m eWflla . ^ 

Ibe esigences of descriptive antbr^oCooBy and Ito htehly important a|K 
plications to Medidne and Surgery neeesdtate su<& mdal nomenciatanb nd 
the reform which that nomendature <&lefly reouttes is the subalitatioB of 
names in the place of phrases for the parte of the humaB body. 

*MoBm,Ie.p.l3«. tX.SL^7•. tX.e.f.M. | JLa^IMu 

I LiiireBtioi, is dsMribteg flis hnmMi thsmck fis«iapoph|tsa, asm, «< Bsrar ' 
•rt aitlcnlatio, ahcra cos •poadrlii doni, atea coi ttend evtlkdaibm'* (A 
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Bat tbe retention and nae of ipeetfie names for qpedall j modified elementa 
in tbe dilferent legmenta by no meant preclude tbe entertainment of general 
ideaa and tbe neceMi^ of expresdng tbem by generic names for tbe bomo- 
logon* elements in tbe entire series of Tertebrss. 

If antbropotomy is to make corresponding progress witb anatomj, and 
to derive tbe same ligbt from tbe generalisations of sootomical science wbicb . 
medical botany bas done from general botanical science, its nomendatnra 
mast expand to receive tbose generic terms wbicb express tbe essential 
nature of tbe parts, beretofore named and known only according to tbe 
resnlts of particalar and insulated observation. A term wbicb truly ex« 
preases Uie general bomology of a part enunciates tbe most important and 
constant cbaracters of sucb part tbrougboot tbe wbde animal series, and 
implies tberefore a knowledge of sucb characters in tbat part of tbe buman 
body, wbeo used and understood by tbe buman anatomist Before tbe cand- 
form process of tbe occipital bone could be defined as tbe * ocdpitai cen- 
trum, tbe modifications and relations of tbe homolqgons part in all dassfs of 
vertebrate animals bad to be accurately determinM. The generic homo- 
logical term expresses tbe sum or result of such comparisons, and tbe use of 
eucb terms by the antbropotonust implies bis knowledge of tbe plan or pattern 
of tbe buman frame which lies at the bottom of all the modifications tbat 
raise it to an eminence so far above those of all other vertebrate animals. 

In no species, however, b each individual segment of tbe endoskdeton 



80 plainly impressed witb its own individual ebaraoten, as in Man ; the prae- 
tised anthropotomist, for examnlcb will at once select and name any given 
vertebra from either the cervical, Uie dorsal, or tbe lumbar series. During 
tbat brilliant period of buman anatomy which was Qluminated by a Fabriciusy 
an Eustacbius, a Fallopins, and a Lanientius, the terms expressive of tbe 
recognition of sucb specific characten were more numerous and often mora 
precise than in our modem compilations. Pleurapopbyses were indivi- 
dualixed in the thorax as well as in tbe head: the 'antistrophoi,' 'stereai' 
and *sternitide^' for example, were distinguished from the other * pleural 
gnesiai'«. 

Genera] anatomical sdence reveals tbe unity which pervades tbe diversity, 
and demonstrates the whole skdeton of man to be the harmonised sum 
of a series of essentially umilar segments, dtbough each segment diffen firora 
the other, and all vary firom tbdr archetype. 

Cbavtbe IIL— Sxeial Homoloot* 

Since^ then, we are led by the observations, comparisons and reasonings re- 
corded in the preceding parts of thb Work, to recognise^ as tbe fundwnental 
type of the vertebrate endoskdeton, a soies of segments repeating each 
otoer in tbdr essentid characten, it foDows that, not only tbe power of de- 
termining tbe homologous bones throoshout tbe vertebrate series, but also 
throughout the verteml segments of tne same individual, is induded in 
sndi geaeraliiaticB. 

Tbe recognition of the same dements throughout tbe series of segments 
of the same skeleton I call *the determination of serid bomdogies.' This 
kind of study appean to have been commenced by tbe gifted ^cq d'Asyr, 
in bhi « Mtedre' entitled ^FmSl&e des os qid composent les extrfoitCe," 
printed in the Mtedres derAcadimie des Sciences for tbe year 1774, and 

* AMtomics HsmsBi Ccrporii,fte^ BoMi eoBtiovtrribsl sbierfttisBibas BOfit 
AMb. LinmliD, M. leeO, f. M. 
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Condoroet, in hii Report on Uiit iDgenioos EMgrt qpoikt of it at *■ nn tmti 
d'uoe autre espdce d'Anatomie oompar^e^ qui jowra id a M pen cnlliTCab* 
Vicq d'Aajr oomparet, or pointa oat the aerial iKNDology oft tlie aeapnin 
with the ilittnuy the.hamenia with the femur, tlie two booea of the f ore ana 
with the two bouea of the leg, the amaU bonea of the carpua with tlHMO of 
the Urnia, the metacarpua with the metataraoa, aud the ficgeia with tlie toca. 
He ia not io happy in hia particular aa in hia general determinationai Ua 
choice in the leg, for example^ of the homotypea of the radioa and alnn in 
the fore-arm, ia erroneoua ; but the whole memoir b an admiiable example 
of the appreciation of oorreapondencea wliich kter reaeaiehea in the aamn 
direction have proved to flow from n higher and mora general kw of nni- 
formi^ of type. It ia, indeed, a atriking inatance of the aceret but all-ma- 

I vailing harmony of the vertebrate atmctore that aerial homologiea afaonla bo 
determinable to auch an extent in the parte of the diverging appendage^ 

\whieh ara the aeat of the greateat amount and variety of deviationa fion the 
fundamental type. 

It will, of counc^ be obvioua that the humerua ia not 'the aame bono' na 
the femur of the aame individual in the aame eenee in which the hnmeiva 
of one individual or apedea it aaid to be 'the aame bone* aa the humema of 
another individual or apeeiea. In the inatance of aerial honmlogy above-die^ 
the femur, though repeating in ita aegment the humema in the mora advanced 
aegment, ia not ita namesake^ not property, thereforet Ita ' hoBMilegno*. I 



propose, therafore, to call the bonea ao related aerially in the aame i 
* homotypei,' and to restrict the term * homologue' to the eonc^KMiding bonea 
in different species^ which bones bear, or ought to bear, the aame i 
Io the skiul those bones are homotypea, or rapetttiona of the aam 
part in the seriea of vertebral segmenti, which succeed each other length- 
wise, aa in the laat four oolnmna of the auljoined Tabiei ■ 
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Thua the baaioodpital, basbphenoid, presphenoid and ' 
typea with the oentmma of all the aocceetting vertebra. The exoedpitaH 
aiiaphendda, orbitoaphenoida, and prefrootala, ara hoBMytynea with the near* 
apophyses of all the succeeding vertebna. The paroceipitalsb maatoida and 
poatftoDtalaara homotypea with the tranaverseproeessea of all the aufieeeding 
vertebrsB. The, aupraoedpital, parietal, frontal and naad ara hoosoCypea 
with the vertebral nenral apinea. 

The petrosala, aderotala, and turbinab ara homoivpea of each other, aa 
bdng respeetivdy sense-eapsulea of the qila n c hn o i l rri e ft on. 

The aupraacapub and acapula ara together the homotypea of the atylokyal 
and epihyal; orthe tympanic, whether aingle or divided ; andof thepalalalt 
and all theae ara the homotypea of the pleurapophyscs eoDeetivdy, wh^her 
modified m ribi^ hatchet-bcnuMb or Oiae boombia tim rest of the vertebral 



leoracoid b the homotype of the eeratohyal, thbof the 
virion of the mandible (with its subdivieiona called angular, 
eoranoid,ia cold-blooded aaimab), and thb, agaiut of the mi 
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foor being bomotypet of the hnmapophyMs of tbe remabiiig vertebral sfg- 
meDts, whether modified to form davides, pubic benet or iecfaia,chevroii-boiic% 
sternal ribt, abdominal ribi, cartilages of ribs, abdominal cartilages or tendi* 
nous intersections of the modified intercostal muscles called 'recti abdominis.* 

The entostemaly when present, b the homotype of the basihyal, of the 
dentary or premandibular, and of the premaxillary bones ; and these collec- 
tively are homotypes of the hsemal spines of the rest of the vertebral seg- 
ments, whether retaining their spinal shape as in the caudal hsemaoophyses, 
or flattened as ordinary ■ sternal bones,' or expanded and subdivided, like the 
neursl spines in the cranium, in order to complete below the thorax of the 
bird or to form the plastron of the turtle*. 

There reigns a beautiful paralldism in the kind and desree of modification 
of the parts of the neural with the corresponding parts of the hssmal arch of 
the same vertebral segment: and as the serial homologies which have just 
been enunciated succeed each other longitudinally (horiiontally in beasts, 
vertically in man^ in the axis of the vertebral cdonm, so these manifest them- 
selves in a direction perpendicular to that axis. 

The manubrium stemi of the bat developes a spine downwards, as the 
auptaocciiMtal of the fish sends a spine upwsras : the expanded manubrium 
slemi of the whale repeats the condition of the supraocdpital in birds^ and 
mammals. The form of the ordinary sternal bones in mammals is repeated 

5 the parietal and supnoccipital bones of the crocodile. The divided sternum 
the young ostrich, before the two lateral ossifications have coalesced 
at the median suture, repeat! the condition of the divided parietal in most 
mammals. The development of the crista from the oblitereted suture of 
the lateral halves of the expanded haemal spine in tlie thorax of birds is 
paralleled by the development of the crista from the obliterated suture of 
the expanded neural spine in the cranium of carnivores. The interposition 
of the entosternal piece in the chelonian carapace parallels bdow the inter- 
position of the interparietal bone in the rodent cranium above. 

Thus modifications and developments of the same kind and degree manifest 
theuMclves in the upper rneural) as in the lower (hsemal) peripheral elements 
of the vertebrae ; and though not always in the same vertebra, nor in the 
same animal, yet they are sufficiently exemplified in the mydenoepludons series 
generally, to establish the conclusion that the haemal apines under all their 
modifications are vertical homotypes, not of the centrumis as Oken, Meckd 
and De BUdnviUe have supposed, but of the neural spines of the same verte- 
bns. In the compontion of the neural arch of the oedintal, parietal and 
firontal vertebrae, we find the neurapophyses repeating the pleurepophyses of 



the haemal areh, and the panpophyses repeating the hsemapophvses in their 
relative positions to the centrum and the spine or key-bone of such archeiL 

Symmetry, polarity, or serial homology of parts of the same vertebral seg- 
ment is usually still more strictly preserved in the transverM direction, and is 
BO obvious, as to have immedtatdy led to the detection of the homologous 
parts, which are accordingly distinguished as < right' and * left.' 

Returning to the consideration of those serial homologies with which Vioq 
d' Aiyr commenced the study of these relations, I may remark that the bones 
of the fore- and hind-limbs of some of the marsupial quadrupeds best illus- 
trate the true relations which my revered Preceptor in A natomy. Dr. Bardayt» 



• Tbeas honotypled rdsHoBS ffffl be readily tnccd hj ths Bsridagi fteiaeleriilie sf ths 
Tcrtdnl daaents ia Flsie IL 

t U his ezplsiiatioMenilil^ert Plates of the Bobss, 4to, 1824, |L tl, flga. S sad 4, 
Dr. Bsfday, without nlieniaf to Vioq d'Arrr'i llcnoir, sfaavly eaaneistes ths comet 
view sf ths aoiel homelogy or the boaea sf ths feie-srm sad % ss Mows >-<"Oacsmp 
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WM, I belieTf^ OuL firat to enaDciata in reipeet of the boDCt of tha f ore w 
andl^. 

The tkeletoQ of the PAdbytifti or Phateolon^ phiDlj demoMtntct Uttft 
the tibia (PI. IL fig. 16, m) b the homotype of the radiaa (ift. fi|r. 15, w , 
and that the fibala (tft. fig. 16, sr) b the homotype of the msa (A. fif» 1% 
M ). Id the wombat the part of the fibula {»') repreieotiiig the dleennoa 
(o) b a detached sesamoid, as the olecfanon itielf b in the pe^gnin and 
the bat : in the ornithorfayDchns the fibula aMumcs those propoftioos aad 
developes that process from its proximal end, the want of which in nan and 
most mammab deceived Vicq d'^ivr, as it has mbled, more reeeotlTy M^ 
Cruvelhier. The complex ezplananon of the serial homologies of the booea 
of the upper and lower extremities proposed by the last named pains tshing 

mbinatioM ot 



anthropotomist*, ioTolves more unnatural 

the parts Uian those of the D'Aiyrian hypothes^, which its ingenioos author 

could not but admit seemed paradoxicu ; vis. that the anterior member of 

one side of the body repeated or corresponded with the posterior member of 

the opposite side. CuWer, however, seems to sanction tnb idea ^ npt 

the statement of Vic» d'Asyr, " Cost k dvoite d'nne pairs^ qn'd fimi 

parer ila gauche de ntutref." _ . ^ _ _ { 



M. Flourens has exposed in detail the fallacies of tfab view in an 
memoir in the ' Annales des Sciences' for 18S8 (t z. p. S5) ; in whieb b» 
arrives at the same conclusions as Dr. Barclay, and from nmilar coosidam- 
tions from Comparative Anatomy, as to the soial homologies of the booea qf 
the fore-arm and leg ; and he confirms those of the earpid and tanal bonm, 
which had been so truly and acutely discerned by Vicq d'Asyr* 

In mammalian quadrupeds genenlly the fore-umb takes the grater skara 
in the support, tlie hind-umb in the propubion of the bodv. The wmiMi ia f 

accordingly commonly shorter and broaoer than the net ; thb may be scca in . 
the tenniiial segment of even the monodac^le hand and foot of the bona. } 

Consequently the transverse direction preraib in the arrangement of tho* . 

carpal bones and the longitudinal in that of the tarsal booea. The diC> • 

ference b least in the carpus and tarsus of the long and slender fere*. ] 

and hind-hands of the quadrumana. If the caipus of the chimpanaes^ for ( 

example, be compared with that of man, the first difierence which jpnmmta !{ 

itself b Uie comparatively small proportion of the sei^oid which artJcmhtea 
with the radius, as compared with that in man, in whom the distal aitfea- | 

lation of the radius b equally divided between the aeapboidca and huiara \ 

which are on the same paraOd transverse series. In the oca^g (PL IL 
fig. 18), the divided scaphoid (j^ /) extends, abnoat aa wSA tnm 
the OS lunare as from the radius, along the radial aide of the 



reach the trapezium (t) and timpexoides (s) ; it b in great pait iatsipoaad 
between the lunare (Q of the proximal row sind the trapedam and trapcaoid 
of the distal row of the carpal bones. The similarity of Its coooeclionsbtheM* 
fore, in the carpus with those of the scaph<M in the taisoa (PL IL fig. 14i«): 
bso dose that the serial homology of the two boneab onmistakfabioi Tbo 
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I astnigaliit (ib. a), then, in the foot, repeats the os lanare (A in the hand, but 

j nsnipe the whole of the articular aartace of the tibia, and presents a larger' 

proportional size, especially in man, whose erect position required sacfa ex* 

aggerated development of the astragalus, or homotype of the lunare. The 

prominent part or the calcaneum (PL II. figs. 6 and sV, d') obviously repeats 

the prominent pisiforme (6g. 6 and IS^phiid the bodv of the calcaneum 

I (tig. 6 and 14, m) articulates with the Bbula, as the cuneitbrme (fig. 6 and IS, 

\ eu) articulates with the ulna. The strain upon the homotype of the pisi* 

forme (el' ) to produce the required effect in raising the baclc-part of the foot 

I with its superincumbent weight upon the resii^ting ends of the toes, required 

its firm coalescence with the homotype of the cuneiforme ; in other wordf^ 

the cuneiforme and pisiforme of the carpus represent together the os calcis 

u of the tarsus. With regard to the other bones there is no difficulty ; the 

'J enboid (fig. 14^ b) supports Uie two ulnar digits, tv, v, of the foot, as the 

unciform bone {u) does those, it, ▼, of the hand : the ecto-cuneiform (fi|^ 



14^ ee) supports the digitus medius, it^ of the foot as the os magnum (i , 
does that of the hand ; the meso-cuneiform (fig. 14^ cm) supporting the toe^ 
i t^ is the homotype of the trapezoid supporting the finger, ii, and the eniDi» 

J enneiform (fig. 14, ei) is the homotype of the trapezium (fig. 18, f). 

I It is no unususl ezceptioo that of two essentially distinct bones in one 
segment being represented by their coalesced homotypes — a single bone — In 
another segment, as in the explanation above given of the serial homology of 
the calcaneum. The scaphoides and astragalus in the tarsus of the cat and 

{; wombat (fig. 16, le, a) are represented by the single scapho-lunar bone in 

\ the carpus (fig. 15, le, /)• The scaphoid and a cuneiform bone in the tarsus 

of the sloth and megatherium are represented by the single scapho-trapezium 
] in the carpus. The scaphoid and unciform bones in the carpus of the ox are 

l; represented by the single 'scapho-cuboid' bone in the tanus (fig. 18, j^ by 

II I have long entertained the opinion that an appreciation, vague and indi- 
. itinct, perhaps, of certain serial homologies, may have been associated with. 

If it did not suggest, the epitheU«< scapula of the headpT** femur of the head," 
Ac applied to certain cranial bones by Oken and Spix. 

To Cuvier this language seemed little better than nnintellisible and mystieal 
jargon, and he alludes to it with ill-disguised contempt*. It has been eom- 
fflonly cited by those who have followed the peat palseontologist in de« 
preciating the cranio-vertcbral theory, as a sufficient instance, needing no 
eommenC of the extravagances essentially inherent in such attempts to recog- 
ttise and explain the fandamental pattern to which the modifications of the 
cranial bones are subordinated. And it must be confessed that the exp r c a« 
sions by which the philosophical anatombts of the school of Schelling have 
endeavoured to illustrate in the animsl structures the transcendental idea of 
'the repetition of the whole in every part,' have operated most dindvan- 
taeeonuy and diseouragingly to the progress of <^m and dispassionate 
inductive inquiry into that higher law or condition upon which the power 
of determining the special homologies of the bones of die skeleton depends. 
Nevertheless the utterances of gifted spirits to whom the common intellectual 
storehouse is indebted for such original and suggestive generalizations as those 
oontained in the **Pkogram fiber die Bedeutung der SchiidcUinochen " are 
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eotitled to respectful coDsideratioiiy even when they happen lo be IcmI in- 
telligible or most oouDter to the eonventioDal ca prenM ooi of the enmni 
anatomical knowledge of the daj ; and, for my own parti I nmit acknowMlM 
that reiterated attempts to detect their latent meanhig have not been whoBy 
unprodaetlve. ■ 

With regard, for example, to the term * scapula capitis* applied by Okco- ; 

to the tympanic bone in birds (fig. 28 and FL it. fif^. 4^ ss\. it is quite possible | 

that some appreciation of its serial homology with nhs and other modificalioM j 

of the pleurapophysial element, besides that exhibited by the blade-bone^ nay * 

have lain at the bottom of the expression. ^ nd, we may ask, whetiier the error 
here be not rather in the mode of stating the rdationship tlian in the ida> 
tionsbip itself? Had Oken, for example, said that the tympanle bone of the 
bird was a modified ' pleurapophysts,' or expressed by any other eqaivalaqi 
genersl term hb idea of iu standing in such genersl rdalion to its proper ' 

cranio-vertebral segment, hu language would not only have been aceanICk W 
might have been intelligible to Cuner. When Oken called tlie * tympanle* 
a *crsnial scapula' he undulj extended the meaning of the term * acapnia ^ 

and converted it fVom a specific to a eenerio one. The tympanic Is the hoBMH 
type of the scapula, both being modified fdeunpophyses^ but each has an 
equal daim to lis proper or speeific name indicative of their raspecttve I 

modifications. 

I am awaro that Oken meant mora than mere serial homoloffy when he edled * ^ 

the tympanic the ' Made-bone of the bead': Itis partof thepluaseology of the 
hypothesis of the hesdbein^a repetition ofthe whole body, fte. Butat^tiaie * 

when that anatomist wrote tt was not known or suspected that the head already 
possessed the scapula, and that the modified plenrapophysisaoeanedt actually 
appertained to a segment of the skull (fig. 5, p. 17, and PL IL figs* S and ?» 

applied by Oken to the parts or the leleologiMDy compound mandibular nmoi^ j 

and in those of * ubut eapUk* and* moniiff eapUi$t* applied to the distal acf» . 

meats (si, ts) of the maxilkry areh, we have not onfy instances of the atteaspt ! 

to express general rehitions of renetition or homology by special ttfms^ bnt I 

thesemodesof expressing the terial homologies of nos^sibsi^sib and of si and | 

ts, betrays the misappreciation of the general homologies of the loeomolifn l. 

extremiues, and their relations to the vertebral arches supporting them. ' \ 

To gain an iuMght into whatever proportion of truth m^ be Involved In * 

the idMs signified by the phrases aoove dted, it is neeessaiy to determine 
the essentiar nature of the parts called * fcmnr,' * tibm,* « humernsb* * nine/ 
! menus,' ' pes,' Ae^ or the genersl homology, in short, oflocomotive nmmbei% 
and the attempt to master this problem has been not ^ leest difienit pait 
of the present inquiry. Cuvier has oiSBred no <ipinion, nor does he appear 
to have ever troubled himself with the attempt to dedpher the s^noe^ 
tion of the locomotive members of the vertmate aniaaals; ie. of what 
parts of the common vertebrate modd they are the modificatlonai ! 

Oken's idea of the essentid nature of thearms and lea is^ that they ere no I 

other than 'liberated ribs ': <* Freye Bewcgui^gioigane honncn nichti awkiia 
als fray gewordene Rippen seyn ••" 

Carus, in his ingedous endeavonn to gain a view of the priawry h onwioriea 
of the locomotive members, sees in thdr severd jdatarepetitiona of ve r t e bra l 
bodies (ftrebfHmM)— vertebrm of the third d egr e e !■ - a readtof an althnale 
endystoof a skeleton pushed to the extent of the term 'vcrtdm* bciaf amde 
to signify little more than what an ordiaaiy anatomist woahl call a 'bean/ 

t ttrtkdlsa dsi KaochSB aad ffSrisi^fiiHiw • 
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Bui Uicte tnmioendental analyiet tublima all diffefencei» aod definite know* 
ledge of a part evaporates io ia<& onwamntable ezteosioD of the meaniog of 
tetim* 

It has beeoy however, 1 trast» satis&ctorily demonstrated that a vertebim 
b a natural group of bones, that it may be recognised as a primary diTision 
or segment of the endoskeleton, and that the parts of that group are definable 
and recognizable under all their teleologicsl modifications, their cwential 
relations and characters appearing through every adaptive nmsk. 

According to the definition of which a vertebra has seemed to me to be soa- 
ceptible, we recognise the centrum, the neural arch, the hsemal arch, and the 
aopendases diverging or radiating from the hsemal arch. The centrum, 
though ue basis, is not less a part of a vertebra than are the neurmM>physe% 
hssmapophysca, pleurapophyses, &c. ; and each of these parts is a different 
part from the other: to call all these parts * vertebrs' Is in effect to deny 
their differential and subordinate characters, and to voluntarily abdicate the 
power of appreciating and expresnng them. The terma * secondary ' or 
* tertiary vertebrs' cannot, therefore, be correctly applied to the parts or 
appendages of that natural s^ment of the endoskeleton to the whole of 
which segment the term * vertebra' ought to be restricted. 

So likewise the term ' rib ' may be given to each moiety of the hsemal aroh 
of a vertebra; although I would confine it to the pleurapophyses when ther 
present that long and slender form characteristic of the thoracic abdominal 
region, viz. that part of such modified haemal or costal arch to which the term 
^ vertebral rib ' is applied in comparative anatomy and the term * pan ossea 
eostm' in anthropotomy : but, admitting the wider application of the term 
' rib ' to the whole hsemal arch under every modification, yet the bony di» 
verging and backward projecting appendage of such rib or arch is something 
different from the part supporting fe. 

Arms and legs, therefore, are developments of coetal appendages*, but are 
not ribs themselves liberated: although liberated ribs may perform analo- 
gona functions, as In the serpents and the Draeo vobms. 

If then the arms or pectoral membera be modified developments of the 
diverging appendage of the scapulo-coracoid arch f, and if this be the hsemal 
arch of the occipital vertebra, it follows that the pectoral members are 
parts of the head, and that the scapula, coraeoid, humerus, radius and ulna* 
carpels, metacarpab and phalanges, ara essentially bones of the skuU. 

The transcendentalism, therefore, which requires for its Ulustntlott that 
the madllary arches be the arms and hands of the head, meets its most direct 
refutation In the fact of the diverging appendages, properly called arms aod 
hands, belonging actually to one of £e modified segments of which the head 
itself consists. 

The hold b, therefore, in no sense a sommaiy or repetition of all the rest 
of the body: the skull la a proriace of the whole skeleton, consisting of a 
series of segments or ' verteorae' essentially similar to those of which the 
lest of the skeleton is oonstitoted. 

. Most of the phrases by which 8inx| attempted to systematize and carry out 
the repetirion-hypotheses of Schelliug and Oken, as applied to the osteology 
of the vertebrate skuU, may be similarly explained, aiMl when well-winnowed 
some grains of truth may t!e rec o vered. 

In denominating the palatine bone the 'hyoid booe of the face,' Spiz eB> 
deavoun to express a relation of general homology bj a term which should 
be confined to the enunciation of a special homology : but he adda <* oornui 
ossb hyoidei anteriori analogom," which shows an almost comet i^ipreei- 

•FLILfg.l,ea. tlbbfi.7,s«. t CrphilegeBais, M. Itlft. 
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It finally renuunt for foture ioqaiiy, admittinff the explaoftdoD of tbe cndiH 
akeletal archetype given in the preient Eitay to oe the true ona^ whether saeh 
b the ultimate attainable genenutzation, or whether we mi^ not gais an iatlglbi 
into the nature of the force bj which all the modificationa of the veitebnia 
skeleton, even thoae anbaervient to the mijes^ of man hlnad( are alOl 
subordinated to a common type. 

We perceive in the fact of the endoskeleion consisting of % raeeessloai 
of segments similariy composed, — ^in the very power, in shwt, of cmuiciadaf 
special, general and serial homologies, — an illustration of thatlaw of vcgeialivo 
or irrelative repetition which is so much more conspicuously manifesled hj 
the segments of the exoskeleton of the invertebrata ; as, for esampK is te 



rinss of the centipede and worm, and in the more multiplied parts of ^ 
akdetons of the edunoderms. 



The repelitioo of similar segments in a vertebral edlumn, and of i 
elements in a vertebral seginent,is analocous to the repetitioa of simSar ci^ 
stals as the result of polarizing fcuroe in the growth ofan inomnio bodv. 

Not only does the principle of vesetative repetitioa prevaifmoie mid mora 
as we descend in the scale of animal life, but the forms of the repeated parts 
of the skeleton approach more and more to geometrical figurest as wo se% 
for example, in the external skeletons of the echini and star-fishes: nay, ^ 
calcifying salt actually assumes in such low-organiied skeletons the veij 
crystuline figures which characteriie it when d^wsitcd, and solgeet to the 

Kneral polarizing forces out of the organised body* Here^ therelbi^ ws 
ve direct proof of the concurrence of such general and aU-pervadiiy pola^ 
ising force with the adaptive or speehd organishig foroe hi thedeveCpaMat 
of an aninul bod|y. 






ation of the serial homology of the palatine bone. It answen^ howtvtr (asa 

no. ts in figs. 1-6, PL II.), in the .maxllUu7 arch to the stylo-hyal or Moxunal 

element (no. is) of the hyoidean arch, not to the cerato-hyal or hsMnapo* -, 

physial element («•) ; and it needs only to recognbe the palatine as the 'pkwi^ 

apophysis * of its vertebral segment, to appreciate all itt true serial homofogisB. ' 

It might as well have been cafied the ^tympanic pedicle of the faoe^' the ^styloid ! 

process of the face,' the *scspula of the face,' or the *ilium of the fhoe*, acoowl l af I 

to Oken's and Spix's faulty method of expressinff serial homological rdation^ i 

since it holds in its vertebral segment the same pu&oe which each of the abov^ ' 

named bones respectively does in its segment. 1 

So also, with regard to the term ' os uciei Qiacum ' applied by Spix to ^3bm | 

mastoid (s), the error lies not onl^ in the application or a special term to cs* 
press a general homological relation, but in the supposed serial homology so * . 

expressed. Had Spix detected, in a cranial vertebra, the predsa dement '409 

answering to that called 'iliac bone' in a post-abdominal vertebia, yet it 
would have been more proper to have signified such serial homology by giving . 

thegeneral term applicable to such parts, as abstract vertebral dements. !. 

Tne fact is, however, that the mastoid U) is the parapophysis of its verts- { ^^ 

bra, whilst the Uium is a portion of the pleunpophysis of its vertd>ras and ■ 

the mastoid is seridly homologous with the transverse process of asaoial V\q 

vertebra (fig. 87, p), not irith its expanded rib or ' ilium ' ; it b not, them- I 

fore, a repetition of the ilium in the skulL The true expression of the ideas I 

which suggested the terms 'ilium of the head,' 'scapula of the head,' fte, f^ 

will be found in the true enunciation of the serial homologies of the vaito* ]!*\ 

bnte skeleton. jl'''^ 
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17S- CONCLVIION. 

The marreUons pbiBDomena of thii derdopment hav^ hithertiH beeo cs« 
plained bj two hypotheiet or forms of ezpreaaion — the one, at tbe retail of 
* vital properties' either peeoliar to living matter or common to all, but latent 
in dead» matter; the other, at due to the operation of one or more *vitalprin- 
ciples»* vital forces, dynamiet or facnltiet, antwering to the liiai of Ilato^ 
deemed by that philosopher to be superadded to matter and mind, and which 
he defined as a sort of models, or moulds in which matter is cast, and 
which regularly produce the same number and diversity of species. 

Now beddes the l^la, organizing principle, vital property, or forock which 
produces the divenity of form belonging to living bodies of the same materials^ 
which divenity cannot be explained by any known properties of matter, there 
appean also to be in counterwoperation during the building up of such bodies 
the polaristne force pervading all space, and to the operation of which forces 
or mode of force, the similarity of forms, the repetition of parts^ the signs 
of the unity of oiganiaation may be mainly ascribed. 

The platonic lc4a or specific oiganising principle or force would seem to 
be in aDtagoni»m with the general polarizing forces and to subdue and mould 
it in subserviency to the exigences of the resulting specific form. 

The extent to which the operation of the polanzing or Tesetative-rspeti- 
tion-force is so subdued in the organization of a specific animalform becomes 
the index of the grade of such species, and is directly as its ascent in the scak 
of being. The lineaments of the common archetype are obscured in the same 
degree : but even in Man, where the specific organizing force has exerted its 
highest power in controlling the tendency to type ud in modifying each 
part in sidaptive subserviency to, or combination or power with, another part, 
the extent to which the vegetative repetition of segments and the archetypal 
features are traceable indicates the degree in which the general polarizing 
force may have operated in the arrangement of t]|e parts of the developing 
frame: and it is not without interest or devoid or significance that such 
evidence should be mainly manifested in the system of oigans in whose tissue 
the inorganic earthy salts most predominate. 

With regard to tbe 'adaptive force,' whatever may be the expresdons by 
which its nature and relations, when better ondentood, may be attempted to 
be explained, its effects must ever impress the rishtly constituted mind with 
the conviction, that in every species ''ends are obtained and the interests of 
the animal promoted, in a way that indicates superior desiffo, intel%ence 
and foresight; but a design, intelligence and fbrnight in which the judge- 
ment and refiection of the animal never were eoncmed ; and which, thm- 
fore, with Virgil, and with other studious observers of nature, we must 
ascribe to the Sovereign of the univerNb in whom we live, -and move, and 
have our bdng*.* 

• See Bardqr, Uii sai OigMdttttop, 8vs^ 18si 
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DESCBIPnON OF PLATES. 



PLATE L 

Jji «kA iifA^jfywrm ike no§, 199011 th§ home$ amwtr io ikom m cAr/ 
coftrmci of jibk L amd PL 11^ exttpi wkefm ctkenmm §xpn%mi* 

Fig. 1. Skull of ft Maccaw (Cbi^n«orJ^iidlitf> eee pp. 41» 4% 61. 
Fig. 8. SkuU of a Sdienoid fish. (PH&ama)! 

oL FormiiieniniiaaaliieoriqK>pny8b(prefhm;ad)f(Wolfactoffji 
Fig. S. Section of a tkall of a Silnioid fish, (Bagnuy 
e. Ceotnim of ordinarj abdominal Tcrtebia. 
II. Neoral arch of ditto. e i. Centram of 5th corporal Tertebia. 
€h\ PorttOD of periphend or cortical pait of the tame c ent m n i, 

forming the posterior aperture of the aortic canaL 
ji f. Nenrapophytla of the tame vertebnw eMiaratel j perforated bj 

the motor and MniitiTe looti of the epinal nenre. 
««• Centrum of 44h Tertebra. 
04, ear. External or cortical development of tame < 
fi4. NeurapophTiiS|andp4parapophjiif,ofi 
eu Centrum of 8rd Tertebra. 
eiycae. External or cortical development of 1 
ft a. NeurapophTn% andj»» pan^pbjiif, of Sntvertebtai 
ex. Centrum of 2nd or axie vertebia. 
e c^ ex. External or cortical deTelopment of lame centrum. 
»«. NenrqK>ph]r*» of axii. na^m. Neund qiine of asdiL 

px. Pkrapophyeis of aidk 
CO. Centrum of lit coifondTeitebni or* atlae.* 
eoycak External or cortical dcTelqpment of I 
ft a. Neurapophyais of aHea eeparated Irom to i 
pa. Pkrapoph jttB of atlaa. 
eh. Anterior aperture of aortic canal, formed bj the derdopmeat 

and ooalescence of the inferior cortical portions of the bodiee of 

the five anterior vertebrm of the tnuL 
eo. Centrum of oodpitalverlilMra. 
M. Internal part, and ear external or oortlca] part of the anterior 

prolongation of the Mme centrum. 
fio» Kenrapophyib of oodpltal vertebra; aba eostinoafioD ^ 

the aame bonc^ forming its otoeraafad phta. 
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m$,a» NcaraliiiiiMofoedpitdvcrtAfmi 

ejk Ceatraa of pukftal veitebcmx it appeus to codniI of Um 
denter eorticBl put obIj. 

sjk NeonpophjiMofpanelalTCitdMrm: tlM hiodor figure • marks 
the otomnol pbte which eombioce vith % t (oodpital puw 
BpophyiiiXeiMi it(perielal peimpophytb), in formiBg the cfaembcr 
for the cutiliffisoiie peCroMl or acooalie cepeole. 

cf, Ccntnim of ftootal vertebfe, eooMte with €p» 

s/Mb NeiinipophytM of frootal vcrtdm. 

M^/iu NeniBl epine of ditto. 

en. CentnuB (represented bj its eorticsl pert) of nanl ▼ettebrs. 

sa. Neuw^ysis of ditto: it eoslesees with its lUlow at the 

M^M. Neusl spine of nasslTertdMrm: it coelcsees eatmorij with 

the centmm; dosing there the nenial eenaL 
ir. Ihterrertebrsl fonunen b et we en perietal and Iruntal ncni^ 

i^ophysis, for the ent of the tmeniBal nervo. 
€p, FoiamcB in frontal nennpophysisy for the exit of the optie 

neifVw 
oL FoffamcB in nasal nenrqioph jiii» lor the exit of the olfiietoffy 



The two foramina for the nerres of the epeneephalie 
are below the letteiB so: beneath the fbnunina is the 



Fig.4w Upper view of part of the preeeding ersninm: ehiefly to show the 
medificafions of the eorporal par^Myphjses. w s to jin^ as they ap- 
proach the region of the crannl ▼ertebns : here j» o is the oedpitel 
JMrapophysis; p F the parietal panpophysis» and ji/the frontal par- 
uoiiiyris. nj^/ the permanent fontandle in the bifid frontal I * 
jrf the oedpital pleorapophysb; the letters indicato the I 
to the taberde of the human thoracic rib| which here 1 
aiticnlates with both the parapophysis of its own segment (4) 1 
wiA that of the preeeding segment (s> TW nnasben givo 
I of the bones, aecordmg to Table L 



Fig. & SeetioB of the skoD. atlas and axis of a sword-fish (Xtpkku GIs- 

dMf> 

cs. Centmm of the axis TertdMB. 

sjb Nenrapophysb of ditto. sjb Nenrd spine of ditto, 
ro. Centrvmoftheatlaa. so. Nenrspophysbof ditto. 

- so. Nenndspineofditta -^ 

CO 1* Centrum of the oodpitd vertdm. 
so. Nenrapoph^ of ditto. n so. Keard spine of ditto. 



p o. Puapophysis of ditto. eptm Centmm of parietd vertebra. 

up. Kenrspophysis of ditto. cr s^ Centrum of frontd vertdNnL 
n/. Neniapophysis of frontd / MeduDaiy part of ditto. 



en. Centmm of nasd Tertdira. m$,/» Nenrd spine of frontd 

▼crtobra. 
fin. Neorapophyds of nasd vertebm* whicli» by its cdldar stm^ 

tnrsi resembles that, called ethaMJd, in mammals, . 
su^n. Spnie of nasd Tcrtebm. 
Fig. 6. Ocdpitd and five foDowing wrtebrm of ^ i fithr i a Adoecar fa. 
ci. Centrum of fifth oorpord rert d wrn. 
jis. Fsr^ophydsofdittab -^ 
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fueh ftppendagei of the occipital ▼ertebni« wbieh undeigo modificalioM 
cIomIt analc^us to Uiote of the aopeodaget of the pelvic segment or * hind 
limlM. Andinaimach at in one cliin the pd?io appendagci» with their cap- 
portiug hiemal archy are detached from the rest or their segmenti^ and anb- 
jeet to changes of position (fig. % V, V, V'X so also in other dassce the 
appendages of the occipital segment are liable to be detached with their 
sustaining hcmal arch, and to 1m transported to rariona distances from their 
proper centrum and neoral arch. 

"nif head therefore is not a Tirtaal equivalent of the trunk, but ia only a 
portion, k e, certain modified segments, of the whole body. 

The jaws are the modified hcmal arches of tlie first two segments; they 
are not Mimbs' of the head. 

The different elements of the primary segments are distinguished by pecu- 
liar markinp>— 

the nenrapophyses by diagonal lines, thus>--JM^ 

the diqN»physes by vertical lineas 

the parapophyses by horizontal lines s 

the oenl^vMi by decussating horizontal and vertical linea : — 

the pleurapophyses by diagonal lines »—>NK|L^ 

the hKou^wphyses by dots : — :::'::':':*: 

the appendages by interrupted lines »» ~^I^— - -: — 
the neund spines and hsemal spines are left blank. 
In certain segments the elements are also specified bv the initials of their 
iiame% as in the tLird segment in fig. 1, and the fourth in ng.S,for eiample: — 
fw is the neuai spine. 
n b the neurapophvslk 
jil is the pteurapopLysiSi 
e b the centrum. 
A is the hssmapophysia, 
As b the hsBmal qmieb 
a b the upendage. 
FSgi 1. Ideal pattern or arcneWpe of the vertebrate endoskdetoo, aa 
shown in a side view of the series of typical segments or * vertelnrm' of which 
it b composed, with the conmiencemeni indicated at the two ends of thoee 
modifications, which, according to their kind and extent, impress f liss rha 
ractert upon the type. 

The four anterior neurqiophyses, i4, iS| s, a, give issue to the nerves^ the 
terminal modifications of which constitute the organa of special sense. 

The first or foremost of these b the organ of smdl As, isX always situated 
immediately in advance of iU proper segment, which becomes variously and 
extensively modified to indoie and protect it. 

The second b the organ of sight (ir), lodged in a cavity or * orbit' between 
its own and the nasal segment, but here drawn above that interspace. 

The third b the organ of taste, the nerve of which (gustatory portion of 
the trigeminal^ perforatea the neurapophysb (s) of its proper segment (eer^ 
IS0W, oondla&tf sen gustaioriaX or passes by a notch between thb and the 



frontal vertebra, to exnand in the organ which b always lodged below in the 
cavity called * mouth,^ and b supported by the hamal spine (41, 4t) of ita 

m vertebra. 

The fourth b the organ of hearing (is)^ indicated above the interspaee 



^mt"*tt, t '.«< *. - J ' l 'M i ■ ■ l »ei*r^>*^—** 



PI8CINB TTPB. 177 



• Ilttvt mad «hitwoRl1iera,aBdiaUM']lnort€rtlM Britiih AitociaiiM Ibr 1M</ 

8 p. 169, 241, in the lenw which it bean in moi daaiical noriii of our •«■ Inflyft m 
ItBTiUe't ScepiU and Watta't Logic, and aciaeablj with iti defl^tton is lehMoo'a and other 
dictionarica, u the origfaul or pattern at which anjieMmUaaee la aude : and aa ofaNalant 
to the tcnna ' general type' and * f oadameBtal type ' aathajO€cnrfaiiaj*Laelana«B At 
Vertebrate Aniinala,'' 8fo. 1846, p. 41, and ^ w rfa i. 

Inthe'CompentiteOttcology' eT JooephMadlM,Baq^fai wUdithaaafhat^flawaaf 
the homologiet of the booet of the trnnh are iUttttnted by flftv4Bqr beaaAiM plaKa, wauf 
at which are peculiarly weD adapted to eonvey dear ideaa ci thoM rrialSona In the hiiM 
akeleton, the word' archetype 'iauedaaaynonTBooa with 'unity/ " ITiiH j nmha nmiaiwr 
phoaia ia aa archetype phH qnantity, being nli}eetcd to the law of prapoffliaB. Vnitftmi 
the archetype nay hence be regarded aa one and the mim tldag* fOMCmMaUj the BBtl^ 
HinrpTinm mil tiinpnitinnili arc ilin iiBiliiilnnil ai ihii iniiilmii itfartlj m Ilia ■nJiaijf * 
— Bemaiks on plate 15. And again the author taya, " Untty, or tht wehatypab la %tmm 
which mav be appUed to characteriM that whole itractwo wUdib capaUa of ndatniM 
mctanKiriAiotia or rabtrnetioa tbroogh an dcM or m^^ 
propoKtioaol fonna wUdi atand in Mriea wi£ltaalL'*-AuinariEa ou |te 






between the neurapophysb of its own (occipital) and thai of the aBtooedent 
(parietal) vertebra, in which it is always lodged ; the surrounding ▼eitebfil 
elements being modified to form the cavity for its reception^ which I batra 
called * otocrane.' 

The mouth opens at the interspace between the^haemal archer of the an- 
terior, and second segment ; the position of the vent varies (in fishes)^ bat 
always opens behind Sie pelvic arch (Pv) when this b ossified* 

Outlines of the chief developments of the dermoskeleton, in different Tcr- 
tebnites, which are usually more or less ossified* are added to the endoskde* 
tal archetype*; as, e.^. the median horn supported hj the nasal spine (is) bi 
the rhinoceros ; the pair of lateral horns devdoped from the frontal spina 
(ii) in most ruminants ; the median folds (Di, Dii) above the neural 
spines, one or more in number, constituting the ' dorsal' fin or fins io fishes 
and cetaceans, and the dorsal hump or humps in the bufihloes and eamda; 
similar folds are sometimes developed at the end of the tail« fomlng a * ean- 
dal' fin, C, and beneath the hsemal spines, constituting the * anal* fin or fiasb 
A, of fishes, or the subcaudal dermo-adipose tumour of the Cape-shecpi 

Fig. 2. Typical skeleton of a fish (class Pue€»). The plane of the 
anterior haenial arch (aa, ai, la) is here raised to parallel with the aiis of tha 
trunk, and its apex or spine (aa) is modified and developed so as to aitieo^ 
late with the neural spine (is) of the same segment, which thus Imcoomb 
closed anterioriy; both aa and the hsemapophytts ai are developed down* 
wards and backwards in relation to the protractile and retractile motioos of 
the arch ; .and for the purpose of associating these motions with correspond- 
ing ones of the succeeding hoemal arch, i& diverging appendage b aabdi- 
vided (as and 14) and developed to as to articulate with the pmrapophyab 
^as) of tiie next arch; a rudiment of an appendage (as) Is attached in soma 
sshes to the hsemapophysb (ai) of the nasal segment, but it vriD be observed 
that no new element b added to the hssmal arch ; and, ahhongb thn L^i* 
dotteus offers an exceptional inatance of subdivbion of the plenrapophyab 
(ai), that kind of modification b usually restricted to the dlvetging ap- 
pendage. 

In the next segment the hmmal arch has been the scat of nnnsaal growttb 
but retains more of ita normal position and attachments. Its weight and 1 1 

that of the appendages it supports have required an extension of ^ proxi- 
mal articubtion of ita pleurqMphyab (aa a) from Its proper parapophyaaa fn) 
backwards to the next parapophyris (s); and the pleun^qphvtts Hadf b 
subdivided into two, three, or four overlapping pieces for the final poipoaa 
explained in p. US; but it b evident that no new element haa been intio> 



x 



17^ DBICBIPTIOIC OF PUlTBt. 




for the same final purpose as the pleurapophytit ; and its squamoiis union 
with the hemal spine (ss) is retained. Yet the connections of ss with the 
eottdjie of the plenrapophysis and of st with its fellow, forming the free 



apex of the inverted arch of the second segment, show that the oomplexitj 
is the result of mere (teleological) subdivision, and that no new part has 
been added to the typical elements as exhibited in the archetype* (fig. l,it- 
ts); every anatomist has recognised the bones so numbered in the fidi as 
the homologue of the single ( undivided or anchylosed) bone forming the lower 
jaw (is-n) of the mammal (fig. 5) and of man (fig. 6). In addition, there- 
j fore, to change of shape and proportion, the viuis of the archetype maj 

{ be modified by division and subdivision. And in this respect the pleup-- 

apophyses (is) and hsmapophyses (ss, ss, si) of the fish deviate further 
Irom the archetype than the same parts do in the warm-blooded vertebrates. 
Herein is manifested the early divergence to a special form for the lowest 
class, which the higher classes do not assume in passing towards their own 
types. The di versing appendages are the seat of such excess of subdivi- 
sion with special development of the divided parts, as best to countenance 
the idea of a superaddition of new parts to the typicid element; vet the most 
essential character of the diverging appendage is retained under its extremeat 
. modification, as where it forma the wing of the bird or the arm of man ; vix. 

its connection by one extremity to a hemal arch, and the free prqjection of 
the opposite subdivided extremity, carrying out with it a fold of integument. 
With regard to the diverging apjpendage of the hemal arch of the second 
segment, its modifications are arrested at difi*erent stages of departure from 
the simple archetypal form (s«-s7, fig* 1), as explained at pp. 66 and IIS. 
The most common modification in bonv fishes is that shown in fig. % where 
it is divided into two segments, and the second segment into three pieces 
(so, ss, si), usually broad and flat, for the office expUuned at p. 11^ 

The parietal segment, or third counting backwards, has the hsBinal arch 
(ss-Hi) detached from its proper supporting parapophysb (s) bv the back- 
ward development of ss a of the preceding segment. "This is the first ex- 
j ample of another modification, vu. that m dislocation, sometimes accom- 

panied by great change of place, which has tended most to obscure the essen- 
tial nature of parts, and their true relations to the archetype. The principle 
I of subdivinon still manifests itself in the elements of the haemal arch, espe- 

I eially in its spine, 41 -4s ; and in a greater d^ree by a vegetative repetition 

of the ' appendage* (44), without departure from its primitive ray-like form. 
The pleurapophysis of the occipital s^ment (ss, si) is divided into two^ 
and its proxiinal end is usually bifurcate in fishes, articulating like the nor- 
mal ribs of higher animals, oy a ■ head' and a * tubercle' to two points of 
the neural arch of its 1 



Ahnost every stage of development and departure ftom the primitive type 
b manifested l^ the diverging appendage (*4-s7) np to the extent of moai- 
llcatioD attained by the Epical osseous fish. The proximal segment b 
divided into two piecea (44 and ss), the next segment into four or more (ss), 
■nd the last s^^ment Into a greatisr bnt variable nnmber of pieces, retaining 
the elementary form of imm 

The Lepldosiren (fig. 7) b eminently instructive by the retention in the 
oodpital vertebra of the primitive condition of the ^ipendaoe, as shown la 
the arehetype (fig. 1, ss-er), modified only by segmentation of the ray. The 
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pleurapophytis of tbe arch (si^ likewise retoiiui iti simple cylindrical fonOi and 
IS aiticulated to its oentram, lilie tbe other ribs of the Lepldotii«ii» bw mi vi* 
divided head. 



The haemal arch of the fifth segment (first of the trunk) b eoomionlT d*» 
tached from its centrum and neural arch in fishes, without being displaced 
backwards. The pleurapopbysis (pi) is short and simple^ soasetimea «»» 
panded ; the hoemapophyfis (»» k) is simple, long and slender. When this 
arch supports an appendage It is a simple diverging ray. 

All the succeeding abdominal segments of the fish hare their hsmal arehea 
incomplete by bone ; the haemapophyses and spines retaining the primitiva 
fibrous condition. The pleurapophyses of most support diverging appen* 
dages in the form of simple undivided bony imys. 

A part of the hemal arch of a po6i-abdominal (pelvic) segment b ossified 
(ss), and supports a more complex appendage (ss) in the form of onc^ two or 
more jointed rays, which prqect beyond the surmoe and are enveloped bj s 
fold of skin forming the * ventral' fin, V, making a pair with the one on tha 
opposite side. Thb partially ossified haemapophf sis articulates wHh its fcl» 
low by its anterior apex, forming a * symphysb ischii* sen * pubb*; and* in 
some fishes called ^abdominal,' it is connected to its proper pleurapopbysb (cs) 
by an aponeurosis representing its unossified continnatioii. 

The remarkable degree to which one and the same part may be anijeet to 
the modification of change of position, b strikingly eicemplified in tUa lower 
portion of the pelvic arch with its appendages in fishes. It may be : 
forwards, so that the symphysb of the pelvic arch b brought into ooui 
with that of the scapular arch ; when, according to the length of the i 



parts of the pelvic luemapophyses, the species b either ■ thoracic^* aa wfceo Iho 
ventral fins are at V, or ' Jueular,' when they are advanced to V^ Tba 
univenally acknowledged and long recognised special homology of the hannal 1 1 

arch and appendages of the pelvic vertebra, as the * ventraifins' of fiahes^ I; 

under these changes of position, prepare us for the recognition of aa analogooa ', 

modification of &e hemal arch and appendages of tM oodpital wtebis in 
the higher clames of vertebrate. | ' 

Beyond the abdomen the osseous and aponenrotie parte of Iho hannal ,) 

arches rapidly contract; the progressively elongated paiapoohyaea qmuDj j 

bend down and complete the inverted arch by their apical cr~* 

sometimes distinct pleurapophyses continue to form these anAca; 

these elements may be traced, anchylosed with thdr fdlows of tbe 

side, and with the coalesced extremities of the parapophyaea. Tbe' 

of a certain number of the terminal segments coalcsoetogcihier In the Epical \ 



osseous fishes, and support several neural and hmroal areha and Mpa/n^ oanaDy 
more or less expanded, and forming the basb of the eaodal fia^ C 

The ossified parts of the dermal median and symmetrical Ibldi^ conUl 
toting the dorsal (Di, Dii), the anal (A), and candal (C) fine, are added to 
the endoskeleton in fig. S ; In are the intenienral spines ; dm the dermemwal 
spines ; ik the interhaemal spines s dk the demonaemal spiaea; tlieaa Ibnn 
no part of the true vertebral skdeton, and are peculiar to fisbea. Tbo din* 



I part of the true vertebral skdeton, and are peculiar i 
gram of the modified cranial segments b not complicated by the ootfiBea of 
ue sens e capsules or mncodermal bones; the latter are shown in fig^fi; 1%?% 
FbtoL 

Thus^ compared with the archetypal figura^ the endosk d a t oa of tbo 



fish deviates by excess of development, numiferted chiefly In Iho Avoniif 
appendages of the four anterior or cranial aegment% and by arreat or do« 
vetopment hi most of the other sagmenta; but tbo prind]^ of pelario as 
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vegetative lepetition greatly pierailf, and more of the tegmeDti reflemble 

one another than in anv of the higher datiea. 

Tig. S. The Crocodile ii here talien as the type of the claM Bi^hiBu 
Tbe haemal arch of the anterior segment is now firmlv fixed by excesdve 
r derdopmenty chieflv of its hasmapophyses (ti), which have extended their 

attachments to all the elongated elements (is, 14 and is) of their own neural 
i arch. The diverging appendage (m) from the plearapophysis (ss) fixes 

I the arch extensivdy to the centrums of the second and thini segments: the 

appendage from the haemapophvsis (ti) bifurcates ; one branch, divided into 

two pieces (ss and tr), connecU the arch with the pleurapophysis (is) of the 

next sesment ; the other branch (ts) extends the attachment to the parapcH 

physis (is) of the same segment, and also to the appendage (s4) of its own 

arch. 

The pleurapophysis (is) of the frontal segment is undivided; it is lepre* 
^ sented as dbplaced and depressed ; but in nature it still retains a small part 

\ of its connection with its proper pleurapophysii (it\ although it is developed 

backwards so as chiefly to articulate with that (s) of the foUowinff seg- 
j ment: it supports no diveiving appendage. The haemapophyus (ts-si) 

is more subdivided than in tuhes, in relation to functions explained in pp. 

i The excess of development of the hsmal arch of the frontal vertebra is 

I . compensated by the defect of development of that of the parietal one (m^ 

j 4i); and this constitutes the next great additional step in the deviation from 

I thie archetype. Only the haemapophyses (4t) are ossified : the haemal sptne^ 

I though much expanded and flattened, remains cartilaginous, and the pleur- 

apophysis is represented by a feeble ligament. The whole arch is detached and 
dindboed backwards, and its diverging appendages cease to be developed* , . 
'I The tendeocy to retrogradation manifested bv the preceding haemal arches 

is carried out to a striking extent in that (si, st) of the occipiud segment (the 
f fourth counting backwards) : it overlaps the homotypal arches of the 8th to 

i the 11th aegments of the trunk: the ossified portions of both its constituent 

.element, si and ss, are simple; the haemal spine at' is prolonged backwaids. 
The diverging appendage manifests, in comparison with that in the fish, an 
additional segment (si), which is single; the segment of two pieces (ss and 
sft) is now the second. The rays of the distal segment are reduced to five 
in number, which b never afterwards exceeded in the vertebrate subking- 
dom. The dblocation and retrogradation of the posterior haemal segment 
f of the skull form the second chief additional feature of departure from the 

\ archetype, as compared with the skeleton of fishes. The third well-marked 

j modification is the development of an inferior (cortical) portion of the body 

< of the atks (eo, or), distinct from the main part of that centrum (ca), which 

\ toiite9cm with that of the axis, and is commonly called its * odontoid' pro- 

cess (see p. 9S). 
The nine segments that succeed the head resemble those of fishes in the 
; non-oisification of the haemapophyses and haemal spines, but deviate further 

I ftom the archetype by the minor development of the pleurapophyses. Theae 

pnigressivelv dongate to the 18th vertebra, where the haemal arch is com- 
pleted by a haemapophysis and haemal apinea. 

The haemapophyses are not so completely ossified as the pleur^pophyiei» 

and they are divided firom these by the interposition of cartilaginous pieces, 

J a a; these pieces may be regarded either as dismemberments of tibe haem* 

I apophyaes, or as unossified parts of the pleurapopbyses. The diverging 

appendages (a, a) are usually caitilagiDoas. ... 
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Beyond the SI si acgment of the trnnk* the plennmophjeee UMuUy 
cease to be represeDted either by bone or cturtiuiffex bot the partially 
ossified h8BmaiK>physes are continued to thoee of the pelvic s^gmentii §• 
and 6s, h. In these segments the plenrapophyses reappear, and are di- 
vided into two parts, Vi£t those in the thorax : the proximal portions (pi, 
pi) are short and thick; the (tistal portions have either coalesced into one . 
broad and thicl^ plate (etp/), or the distal portion of one plenimpophysb 
is still more remarkably developed and takes the place of two : this qaestkNi 
is discussed at pp. 160, 161. The two hsemapophyses (sa,s«) are distinct 
and well-ossified. The divergine appendage (s»-«i) has been subject to 
the same kind and amount of development aa that of the scapulw wnk 
(ss-st). The first steps in the progression of this metamorphosis from the 
primitive type is shown in the LqntiUmirim (fig. 9\Bnd the firolau (fig. lOlL 
The modification of the pelvic segments and their appendi^ges lo the reptiw 
forms another prominent feature of deviation from the wxhekjpem The 
pleurapophjfses are continued, progresnvely shortening, attached to the 
diapophyses of a certain number of the vertebne that succeed the saemmt 
the hiemapophyses are no longer attached to their extremities but are dtteetiy 
articulated to the central elements, with a slight degree of displaceBBcnt* 
whereby they articulate to another segment as wdl as to their own. Thm 
mode and degree of departure from the archetype are now snch that dif* 
ferent series of vertebral segments may be dMsed into groups, with <K* 
stinctive characters and names:— 

The first four s^ments, by the fixed nnion of their neural arehes^aacnMsai 
(Cr), under the collective name of * skull.' 

llie next nine segments, moveably articulated, and with Dree or * fioatiiy* 
plenrapophyses, as eervieal, C, forming collectivdv the r^ion called *ne^C 

The succeeding nine segments with ossified and move&le plenrapophjsci 
and hsemapophyses, as donalf D, forming the * back,' * thorax' or * chot^ 

The three following moveable vertebra^ without free bony pleumpopbyieib 
as lumbar^ L, forming the * loins.' 

The next two vertebrss, immoveably united, and with modified and BMieh* 
developed hsemal arches and appendi^es^ aro called jocrd^ and ooDeetivdj 
• pelvis and hind limbs.' 

All the other segmenU are *eamdai* and constitute the * taiL* 

The haemal arch (si, st) with the developed appendages (ss-er «) dcJadied 
from the occipital vertebra, may require to be spedally niiyticed in tUa i 
mary of the parts of the endoskdeton, as from the cireumstaaoe of te i 



* AeoordiDc to Caviar, the ptanpophyMS ecsss to ^pesr sllsr ths 20lh 
faitbe{V«e^fibil<porMfi(«.8iidsll«rthel9th lB^fl%«torteiMiu I sSisd 
fereaoet for the porpoie of remarkiag thst the eoafontity of otgsritirton is 
would tppesr at flnt ti^t from the formnbe of the vertcbnB of the diflki 
ooeodikdted hi the Table at p. 220, toioe L Lepoas d'Aastostio Conpsi^Sbll 
number of vsrtdinB front the atlaafaidiitivs to Ihsaacniai is the ssbn faa eseh i 
will be leea by the foDowiag extoaet »* 
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moid J remote poeidon from iU proper legmeoty It ma j not have been thoagbt 
of •• a part inclodcd in the first dam of vertebra eonstituting tbe skuU. 

Many ttriking and extreme deviations from the archetype are manifested 
in the skeleton of the more aberrant forms of the reptilia. The number of 
moveable trunk-segments is reduced to the minimum in the BatraMa (e.^. 7 
in Pipa), and increased to the maximum in the OfMNa (i92 in Pjyikon). 
At fiiv>t view the principle of vegetative repetition seems to have exhausted 
Itself in the long suece«sion of incomplete vertebra which support the trunk 
of the great constrictoni : but by the endless combinations and aiQustmeuts 
of the inflectiona of their long spine the absence of locomotive extremities b 
io eompensated that the degnded and mutilated serpent can overreach and 
overcome animab of far higher organisation than itself; it can outswim the 
fish, otttmo the rat, ontdimb the monkey, and outwrestle the tiger ; crush- 
ing the carcase of the great carnivore in the embrace of Its redoubled cmls, 
and proving the simple vertebral column to be more effectual in the struggle 
than the most strongly developed fore-limbs with all their exquisite rotatoij 
mechanism for the effective and varied application of the heavy and formi- 
dablv armed paws. And whilst the vertebral column of the ophidian order 
exhibits the extreme of flexibility, that of the chelonia manifests the opposite 
extreme of rigidity : back, loins and pelvis constitute one vast sacrum, or 
rather abdominal skull, but a skull subordinated chiefly to the lodgment and 
defence of a much-developed haemal system, and in which the pleurapophyses, 
httmapophyses and their spines repeat the same modification of great expan- 
iioo and fixed union by marginal sutures, which the neurapophvses and spines 
undergo in the cranium of the higher vertebrates. The well-known deter- 
minatioo of the ordinarr elements of the typical vertebra in the thoradc-ab- 
dominal sepients of the tortoise need not here be discussed (see pp. 100, 
101) : but It is, perhaps, worthy of repetition that the neurapophvses exhibit 
the modification of change of position, like that which has been described in 
the sacrum of the bird ; being shifted from their own centrum over one half 
of the next centrum, thus adding to the strength and dastidty of the whole 
osseous vault (see p. 95). The confiuence of the neuimpophysb (m) with 
its own moie^ of the neural spine (u) has already been noticed (p. ISi) In 
the anterior scsment of the cephdUc skull of most chdonia. I may here add 
that the typical condition of the hsemal (maxilkry) ardi of the same segment 
la well shown In the £myi ejgmMU The pleurapophyses (palatines) meet 
at the base of the cartihiginous vomer, above and behind tbe posterior nares, 
•weep outwards and downwards, give attachment to the hsemapophyses 
(maxillarics) which advance and coiiveige, and the arch Is closed below the 
nasal passage by the hsemal spine (premaxillary). Cut through the junction 
of the hasmapophyses with the neurapophyses (prefrontals), and with the di- 
▼ergittg appendages (malars), and the Inverted arch is then suspended by Ito 

nper piers, the pleurapophyses or palatines, 
n the oonuation or coalescence of the neurapophyses and spines forming 
the parietal and frontal neurd arches In the ophidian and- some chelonian 
reptiles, we perceive a return to the common constitution of those arches in 
the vertebrsB of the trunk, in which the permanent separation of the neurd 
fplne from the neurapophvses occurs as a rare exception. 

In the dass-skdeton (Avti) represented in fig. 4 the archetype is further 
departed from than in the typicd reptilia ; and when the generd form of this 
digram is contrasted with that of the first figure, the power of demonstrating 
the fundamentd agreement which reigns thronriioat, and which is equally 
manifested in the comparison of figure 4 with those of the plsdne and rep- 
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tiliao skeletoDty afford* a iiio»t striking proof of tbe unity of plan which 
pervades the whole series. 

As compared with tbe crocodile (fig. 3) the proportions of ^e hsmap^ 
physis (si j and spine (ss) of the anterior segment are reversed ; there Is 
a return towards the condition of the parts in fishes (fig. S) ; the strength 
of tbe arch being chiefly due to tlie great development and estennvn 
connections of st» which usually sends a process upwards and backwarda 
between the divided neural spine (is) of its own to that (ii) of the next 
segment The pleurapopbysis (tt) has ofteii a slender rib-like forRi» and the 
appendages retain the form of bony rays. That (u) from the plenn^ophysia 
U simple ; that («o, sr) from the hsemapophysis is divided in the embfje- 



bird : both concur in attaching the henuu arch of the anterior sMneni to 

the pleurapophyris of the second s^ment. The neurapophvses oi Uie an* 

terior segment coalesce and form a single vertical bone, slightly expanded ^ 

above and sometimes appearing anterior to the frontal. J 

The hmmal arch of the second segment is detached from its neoral aith i I 

and, although its proper parapophpis (is) sometimes joins the next one (s)» . n 

yet this exclusively supports, in birds, the pleurapopbysis (ss> of the frontal f. 

segment The hsmapophysis is developed, as in the reptile^ from aeveinl / 

centres (ts, ts', m', si), but these coalesce with eadi other and widi the ^ 

haemal spine, as, to form the single bone called lower jaw in most buds. f 

The hsemal arch (4t-<it) properiy appertaining to s — the parapophyria of 
the parietal segment — is detached from it, and ireelj suspended^ somewhat 
retrograded in position beneath the next segment: its devdopment hea 
suffered as marked an arrest as in the crocodile. 

The hemal arch, with its appendages of the hindmost segment of the aknl^ 
is displaced backwards to a greater extent than in the repSle. 

The pleurapopbysis, si, retains the form of a long, flat, slighdy-erehcdribt 
the hsemapophysis (ss) is straighter and stronger, lliere are birds (Jpivpg^ 
e. g.) in which this arch is arrested at almost as early a stage of growth ea 
is the antecedent (hyoid) arch of the skulL The elements of tCi nensnl 
arches of the skull, i-is, early anchylose together in most hirds^ with the 
exception of the centrum ^u) of the foremost segment, which nore eoai* 
monly coalesces with the pleurapophvses (ss) of iu hmnial areh. 

The sice of the brain now demands a modification of the neural arehca 
superadded to those which they present in the cokl-Uooded vertebnitca, aad 
occasions a marked difference in the form of the sknU : it Is important to 
note how tbb is obtained. The nature of the modificatioD is weD thown In 
the young of those large birds which are devoid of the goiwen ef flight 
No new bone is introduced to increase the cranial warn and giire the 
cavity its due capacity ; this is gained by excess of growth of conuMMi and 
constant elements ; and, as has been shown in pp. 196-18% those fbithest 
from the centrum (s, r, ii) are the chief seat of such ezcesa. IVith ftgud 
to the neural spines of the frontal and parietal vertebna, it is aceomnattlcd 
by a temporary bipartition, the ossification commencing from two latnal 
centres in each ; but the halves soon coalesce with each other and with thair 
sustaining nenrapophyses (s, s^ is). 

In those segments which, from the brevity and free tetnhiatioa of the 
pleurapophyses, may be called * cervical,* the elements of the nennd areh 
and also the pleurapophyses early anchylose together in each segment, eon* | 

verting it into the single bone, called in companUlve osteology a *vefftebnC I 

and these vertebns are remarkable for their great number In most birda ; and 
oonsequently the neck is as remari(able for its great length and flezHiai^. ] 

The detached hsenmpophyscs (ss) of one of these vertebrm^ (which vertebn» | \ 

. 11 



- ^^'^T" ' - '-''' '"•^'^F'^:.^^, ,> I ' ' '■ ■ —f i M i .1 — ^. 



fW9^ 



:4w 



184 DBSCRIFTION OF PLATBS. 

bj the wudog J of the fif h (fig. % mY» •hould be the atlatf) commoDly ooeleteed 
together at their diital end* fiimuog a bonr arch, like a deader edentulooa 
lower jaw, have followed the haeoial arch of the occipital rertebra (ii» u) in 
its retrograde course, though not quite to the same eztCDt. These mutually 
aoebjlosed baemapophrsea (ss) formiog the booe, called ' furculum' in or- 
nttholoni J, are generally the only pair of ossified cervical hsmapophyses. 
If, however, we define the cervical vertebrs, as in the crocodile, by their 
mobility and the free termination of -their pleurapophyses^ we may then 
recognise in some birds the detached haemapopbyses of the last cervical 
vertebra attached, aa at il, to those of the succeeding segment: this atruo- 
tnre may be obsen'cd in the common goose (Anter paiusiris). The pleur^ 
apophyses of the posterior cervical vertebra are free, and rapidly elongate. 
The hemapophyses of the segmenta with complete hcemal arches are lx>ny, 
and are commonly defined as ' sternal ribs', their pleurapophyses being called 
* vertebral ribs,' agreeably with the restricted anthropotomical meaning of 
the term " vertebra.' These pleurapophyses support bonv appendages (a a), 
which serve, like those of the foremost haemal arch of the skull, to connect 
their own arch to the next and associate them together in movement*. 
After ttx or seven segments with these typical haemal arches come others 
with shorter pleurapophyses terminating freely, not reaching their haem- 
apophyses, one of which, osufied, is shown in the diagram at A , adhering by 
its distal end to the preceding haemapophysis and terminating freely a1x>ve. 
These ' floating sternal ribs' are more numerous in the crocodile (fig. S, A'). 
The haemal spines of the dorsal segments with complete haemiil arches^ 
become the scat of the most extensive and characteristic modifications of 
the avian type of skeleton. They are greatly extended in breadth, and, 
like the correspondingly expanded neuiS spines of the cranial vertebrae, 
are developed from two lateral mmeties; but the individual spines, indi- 
cated by dotted lines in the diagram (ss), are not ossified from separate 
centres, but continuously, so that the haemal spines of six or eight vertebrae 
are at first represented by a pair of osseous plates. A cartilage is usually 
extended vertically from their median junction, which, when ossified, forma 
a strong crest or ' keel' (ss'). The haemal spine of the scapular arch (at*) 
is sometimes ossified from a proper centre ; as b dso a piece prolonging the 
series posterioriy : but all soon coalesce into one bone called * sternum.' The 
anterior portion, at', has received the name of ' epistemum', the median 
k«sel, ss', that of ' entoaemnm,* the posterior pieces which sometimes remaina 
cartilaginous, that of ' xiphistemum.' In the terrestrial birds incapable of 
flight Uie keel or * entostemum ' is not developed ; in the rest of the class 
the extent of this part and of the ossified portion of the body of the sternum 
bean a direct ratio to their power of fiigbt; the peculiar modification of 
these extreme elements of the dorsal segments being governed by the sixe 
of the muscles moving the wings. 

The next great deviation from the Wpical standard, peculiar to birds, is 
the great extent of the vertebral axis which is embraced by the enorrooiuly 
devmped pelvic pleurapophyses, st, and the unusual number of segments 
which, being thus deprived of reciprocal motion, grow together and form, 
according to thb character, the bone or resion calM ' sacrum.' In investi- 
gating the structure of thb part of the endoskeleton in the embryo-bird, the 
neoru arches are found to manifest a change of position analogous to» 

* Tbcse sppeadagst ara not the rcnH, at lun been tomoied, of a hiflirettloa of the 
Ttrtdnl rib: thej aie indcpcndeat irieces origindlj b dl birds, sad ictsb tbsir indi. 
tidaalH J b lomc, e.p. apceryz, pengnin» wHh proper mnsctet for tbdr c k f stb a sad dcfiss- 
lioa polcntSsl hsnoljrpes of ikc floon sad ntcnion of more developed liiebSi 
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tbott||h leu extensive than, thai of eertain of the hsmal arehei of 
aotenor tegmenta (ii«-«, a. a.) : the resnlts of thia aaalyda mm fnllT do- 
tafled at ppu 95 and 159. Most of the pleurapophyses of the laenl ver* 
tebne are stunted in their growth, which maj literaUy be said to be slopped 

Sthe pressure upon their extremities of the overgrown distal jportSon of one 
their homotypes* forming the bone called * ilium ' {n^f^ Bat one or two 
of the pleurapophyses at the anterior part of the series (pi) escape ftom 
beneath the * ilium' to terminate freely at some distance below it: Ihcee tl» 
usually bifurcate at their proximal ends, and moveably articulated to their 
anchvlosed centrums and diapophyses ; the shorter anchylosed sacral pleoiw 
iqpoimyses have simple proximal ends and articnhUe in the embiyo to the Itt* 
terspace between their own and the a4joining oentramp as shown in the eol 
STrPl^ to which they soon become anchyloard. 

The contemplation of the modtficalious of the different nalaral s egm e n t a 
in the trunk of the bird, partiedariy the freedom of some elemenla Mid the 
fixation of othen, stronglv impresses on the mind the purely arliflcial eh»> 
racier of the regions of the spine which have been tnmrferred from aathro- 
potomy into the anatomy of the vertebrate animala. Thus Cuvier dedam^ 
** n n*y a point de vertdbres lombaires proprement dites*.* And a ' 
author:— •« Die Wirbel zerfallen in Hals- Rucken- Krensbein- nod S 
wirbel; eigentliche Lendenwirtwl sind gewohnlich nicht n unteischcideiB.* 

Cuvier^s negation of proper lumbar vertebrm la birds of 1799 is repro* 
duced in succeeding systems and handbooks of comparative anatomy d^wa 
to the latest by Siebold and Stannius, c.^. of 1846. Bui the atodenl of 
anatomy in its wider acceptation will underrtand that the e^;meBta hoase- 
logoos with those indnded under L in fig* 8» are by no means wanting in 
fig 4, but only otherwise modified. 

It may be regarded as highly probable at least, firom the strikii^ poiola of 



agreement which are observable in the organialioo of the croeodiie and of 
the bird, that, counting backwards from the first *dorMl ' in fig*. 8 and V 
the next twenty segments are homologous in both. . But, in the bird, those 
that answer to the three or four last dorml verlelirse'in the croeodiie are SA* 
chylosed together, and the last of these had its plenrapophyaes modified to 
form abutments against the elongated Hie. The next three sqpnenti^ an- 
swering to the lumbar in the cn^odile^ are modified as in the lait * dotil.* 
The two foltowing segments similariy modified wiU answer then to the two 
sacral vertebrsB of the crocodile, and anchylods extends backwards so aa to 
include two or three vertebrm homologoos with the anterior caodala in tho 
crocodile. This appean to be the true interpretation of tho cnoraMNia 
^sacrum' of the bird; it is not merely ' lumbcheacnd * but <dorMKlnaU»» 
sacro-candal', including as it does representalivea of each of those dassas of 
vertebrm in the crocodile, but which have lost the artificial charuten that 
distinguished them In that nearest allied existing vertebratew The speeial 
homologies are indicated by the letters D^ L and 8. 

The characters of the regions of the vertebrate skeleton are^ aa ilready 
remarked in reference to the crocodile, artificial, and are nsed for the sake 
of convenience in describing and comparing the vertebrs of difi^iaot specacOt 
Those, therefore, are the best which are the nmst constant and awst readily 
applicable in any given dass. Proceeding to assign snch to the bird, aa ia 
the crocodile, unbiassed bv anthropotomiod characten of the v e r tdw ai 
regions, all those may be caUed * cervicd* in the bird that extend fima Oa 
skull to the first vertebra with the hmmd arA coomlele^ aad Ihosa dotad 
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Ibat extend from that ▼ertelm iDdofiveb to the first Tertebrm embneed bj, 
and anehylosed to» tbe iliac bones. One nsuallj finds in the falcons, the 
gallinaceous birds and in some waden, five or six of the centrnms and neural 
arches of the dorsal vertebras anchylosed into one mass, a single free cen- 
trum usually intenrening between this mass and the true sacrum. Some 
comparative anatomists call that cervical vertebra the 'first dorsal' in which 
the pleorapophyses retain, or begin to regain, their moveable articulations : 
but this character varien in difi*erent individuals of tbe same species. I have 
even found the pleurapophysis of the last cervical vertebra ancliylosed on one 
nde and not on the other. 

The retention by the pleurapophyses of moveable articulations with the 
centrum, might also seem a good character of dorsal vertebras at the hinder 
end of the series ; but it is inconstant : I have found those elements an- 
chylosed in one individud and free in another of the same species, in the 
anterior vertebrm, which are sacral bT coalescence. All those vertebra 
may be called for convenience ' sacral* m the bird, which are confluent by 
both centrums and neural arches with each other and with the iliac bones ; 
and this confluence is so complete that it usually requires a vertical section 
and reference to the nerve-outlets in order to determine their number. The 
free vertebrm that succeed these are the caudal, of which the last, as in 
most osseous fishes, is a coalesced congeries of several, though for con- 
venience^ counted as one, and called in omithotomy the plough-share bone 
(e, R, h). Although so many segments of the bird's skeleton are modified to 
transfer the weight of the horizontal trunk upon the ilia (st), the 'pelvis/ as 
in the crocodile, has but two hsemapophyses, ss, s«, below : it Is characteristic 
of birds, however, that these are not united at their distal ends to their feUows 
of the <^ipostte side, either with or without the intervention of a haemal spine. 
The exception which the ostrich offers in regard to the anterior pair (pubie 
bone, ss) and that which the rhea presents in respect to the posterior pair 
(ischia, ss), serve to prove the rule of the inferioriy open pelvis in birds. 

In regard to the diverging appendages of the two hsemal arohes (scapular 
and pelvie) which have Imcu selected for development into locomotive organs 
in all classes of vertebrate, the corresponding segments (carpal, ss, and tarsal, 
ss) agree in the paucity of their divisions, two bones In each, in all birds ; and 
the succeeding segments (metacarpal and metatarsal) in consisting of three 
coalesced bones in lK>th wing and leg, supporting digits answering to those 
marked ii, iii and iv, n, tit, tv, in the crocodile. Such at least is their 
general duiracter, the minor differences being the following : — In the hand- 
segment of the wing the anchylosed metacarpal of digit ii is very short, re- 
presented as it seems only by its proximal end ; those of the digits numbered 
III and IV attain their normal length, and are anchylosed together at the ex- 
tremities only, with an interspace between their shafts. 

In the metatarsus the three homotypal bones coalesce throughout their 
length, except in the penguin, where interspaces are left between their shafla 
or middle parts. But they abo coalesce proximally with the two primitivelT 
distinct tarsal bones (ss), whilst the metacarpals coalesce proximally with 
only part of the carpal series, if at alL And to the metatarsus there is 
usmdly superadded a nidimental, but unanchylosed, metatarsal bone of the 
digit answering to no i in the crocodile; but directed backwards, except in 
the swift The numbers of the phalanges of the toes, t n and tit In l^rdi^ 
correspond with those of their homologues in the crocodile ; the toe tv has 
•B additional i^ialanx, and the regular progression of the increase from s to 
s, with one or two exceptions^ is constant m the dass, and serves to deter* 
mine the toes in those birds in which they are reduced to three or two : thna. 
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io the ortridi (fig. U\ the shorter of the two toee b deleimiiied bj He 
mater number of pha»iiget» •» to be the homologne of the Ibaith io telm* 
daetyle binU; aod it b ioterestlng to observe that &e toe tn, nolvithsteiidiBf 
its much greater length, has the nsual smaller namber of phalangce. Bat 
whilst unitj of design b thus manifested, the wisdom of the Dedgner b di»> 
pb^ed by the greater strength which resulu from the nunor degree of eol»- 
divitfion of the part which takes the brgest share in the soppoit and propnU 
sion of the body. The toe « b never present in birds, there b not even the 
rudiment of its metatanal bone. The toe t b equally absent. (See |ni»> 
graph at p. 19S9 on the spurs of the GaBinaeea.) 

l^g. 4 is the diagram of the skeleton of a typical mammaHan qnadimpedi 
e. ff. the dog (genus QmU), The modifications of the hmmal wnk of tiie 
anterior segment resume the characters of those in the^erooodile ; 



antenor segment resume the characters of those m tne^erooodile ; tae Mem* 
apophysb ^1) being the chief seat of development, and for the same imipoae 
of extending its attachments, and adding to the firmness and atrength or the 
henceforth immoveable maxilbry arch. The divergiug appendage from tlM 
pleurapophysb (ss) b a single bone on each side (m), and m most mammab 
becomes confiuent with the part of the posterior segment (s) agatnit whidh 
it abuts. 

The nenrapophyses (u^ of the anterior segment have eoaleKed tt^geAer, 
as in birds, but are complicated, and their nature further obseured by andiy* 
losb with ossified portions of the olfactory capsules, often exticmdy complez 
and extensive in the dass Mammalia, in which the organ of smell attaina itt 
maximum of development. The neural spine (is), sometimes dngjle, moio 
frequently bifid, enjoys, agreeably with its extreme pontioii in the series, a 
vast range of variety in its forms and proportions. In the ihioocenii it rap- 
ports a dermal spine or * horn.' 

The second (frontal) segment presents unexpectedly a Rtnm to the ar^o* 
Wpal character in a particular, in the absence of whi» all the lower classes 
of vertebrate denart from it, vis. the primitive independenoe of its eentmm 
(s) from that (s) of the succeeding segment The spine (11) of this, aa wdl 
as those (7, s) of the two following segments, continue!, as in birds, to be the 
chbf seat of the expansion requisite for the protection of the jprogremivelT 
developing brain. Sot in most mammab an additional element in the cruuu 
walb b gained by the expansion of the distal end of the diverging mBpendago 
from the haemapophysb (si) of tlie anterior segment. Tlib apnendage eon* 
sists, as in birds and reptiles, of two pieces, and it b the second or most v^ 
mote piece (sr) which b the seat of the principal varieties and espedaUy of 
that squamous development which enables it not only to extend the noinii 



of fixation of the maxilbry arch, but at the same time, to anbserve ne re- 
quirements of cranbl space consequent on the bige siae of the eerdwvm. 
The dbmemberment called * interparietale,' sr, of the spine s, has a leas con- 
stant rebtion to the increased capacity of the craniunL 

The pleurapophysb (ts) of the second segment beeomci^ in the fwi n e at 
class, still further displaced from its typical connections, and b even soper* 
asded in its tvpical functions by the intervention and devdopment of tr. It 
b consequenuy much reduced in size, and strangely dbtoited in fimn in nob* 
servleney to the almost sob office that now remains to it^ vul the aoppoit of 
the tympanie membrane. 

The frontal hsBinapophyses and spine (se-ss) have eoalcseed into % tSa^jim 
bony areh, articulated by its extremities to the under pait of the 1 
•geer. 

The plenrspophysb (m) of the hyoid or third hannal ardi ] 




«<Mfflik...^ 



188 DMOBlPTIOlf OP PLATBS. 

Miammalt its typical eoDneotiooi with tha pampophysb (8)of its proper teg* 
ment ; bat its dcTdopineiit b vtiiaOy mora or km ratricled. 

The artienktioo or the fouith (oedpital) segment with the sooeeeding one 
c&Qed ^atlss,' is chiefly by memos of sygspophyses (ooodyles) developed 
from the Deurspophyses («); the penpophyscs (4) are likewise ezogeooos 
p ro ees BCs of the sanie demeota. 

The hsemal arch of the oodpot (si, m), though in dose proximity with its 
proper neund arch in scmie mammab» and in all mammals at tlie earlier 
period of development, is not directly articnlated thereto^ and so me ti m es re- 
cedes (ar from the rest of the sknlL 

The hgmapophysis (m) of the arch is omifled throoghont its entire extent 
and the hemal spine as', bdow, in only one small exceptiond order of the 
dam (Monoiremaiay It becomes anchylosed with the pleurapophysb in aO, 



and appean in the mafority therefore as a mere proeeas of si« 

The dngle pair of cenried hcmapophyses (is) are more Tariable, both as 

to their extent of ossification and eren exirtencft 
The body of the atlas eontinnes subject to the same modification of do» 

▼dopment from two centres with coaleMxnce of one portion with the next 

centrum, which characterises it in all the other vertebrates above Batra- 



The confluence of the centrum with the nenrd arch takes place in every 
vertebra of the trunk ; and the plenrspophyses, which are verv short In the 
seven segments that succeed the skuD, here also commonly coalesce with the 
other dementi, drcumscribing the bterd foramina for the ' vertebnd' arte- 
ries. With the exception of the detached bones at, they are the only osnfied 
parts of the haemd ardies of those s^gmenlk 

The constan<nf of the number, snen, of the segments so modified, is truly re- * 
markable and characteristic of the dam Mammalia It is true that the num- 
ber is established at a verr eariy stage of development, when the neck ia' 
alike short in dl ; and its law most te sought for in the drenmstanoes, suck 
as the existence of a complete diaphragm in the wmmali^ which deter- 
mined the number and distribution of the pairs of cervicd nerves, upon 
which the devdopment of the cervicd vertebra more immediatdy dq;ieiids» 
The exceptions to the number seeen, vis. sir in the manatf^, and dj^Al or «cm 
m the three-toed doths, serve to establish the rule. 

The dghth segment of the trunk in mammdia, like the tenth in the cro- 
codile^ hM a complete hemd arch, and here thmforo the * doml* series 
begins; but the haemapophysid dements are rardy oeilfied in the present 
warm-blooded dass. 

The plearapophyses (pi) of these arches are not only moveable, but are ' 
subject to adight cusplscement, and thdr articuktions, like those of the neur- 
apophyaes in the bird s sacrum, extend over the interspace 'if thdr own and a 
eontignoua eentnuB. 

The baemd spines (§§, si, ks) eommody remdn distinct, aad form a chain 
of oMides eorrespoodmg in number with the complete hsemd arehei^ but 
thej oodesce with each other in seme of the higher mammalia, and are 
cdbd collectively « sternum.' (See p. 158.) 

As the segments recede the pieurapophyses become shorter, return to their 
proper vertebra, and usually become appended to ita diapophyies; the haem- 
apophyses also become shorter, and terminate at first by abutting 
their a n t ecede nts, and finally hj prqjecting liredy* 

• See ^ 9S, sad Assail of Katsid fiiatsry, vd. XI. ^ 117. 
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These acgmento an followed by othen (L)iB which only Che plettniPO|ihr- 
•ialpArU(|M)of the hflBinalareh are ossified, and theaepArti eoalcsee with the 
diapophyses (lA. 

Then oome the segmenU (S) which, like those of the skull, aie the scat of 
the modification bj anchylosis, and of great and peculiar detrdonmeDt of two 
of the haemal arches in connection with them ; the nature of Uie deviationa 
from the typical standaid which characterise the province of the endoskde- 
ton called 'sacrum' and 'pelvis,' has been explained •tpp* 158-161. In 
most mammab a greater number of segments b involved ra this metamoi^ 
phosis than in reptiles, in none are so many the seat of it as in birds. In 
the cetacea the modification by anchylosis is transferred to segments at the 
fore-part of the trunk, their * sacrum* may ba said to be in the neck ; none 
of the post-abdominal vertebrv are subject to it any more than lo seipentib 
fishes, or the extinct marine reptiles (£maliomuna% 

Great diversity of form, number and degree of development prevaib In the 
vertebrae that succeed the sacrum in mammalia. Short pleun^ophysee aio 
developed at the extremities of the diapophyses of the anterior ones and ooo» 
lesce with them. The hsBmapophyses, when present or ossified, are artien* 
laied, as in reptiles, to the centrum directly, and alone form the haemal arob* 
The terminal vertebras are reduced to the central dement, and rarely anehy^ 
lose together. 

The anterior anchylosed and expanded vertebne are the cranial, Cr. 

Those usually free vertebrv with short pleurapophyscs, anchylosed to botk 
their centrum and neural arch, are called * cervical,' C. In some whales and 
armadilloes all or some of these vertebrae coalesce Into one mass. 

The series with moveable and usually longer pleurapophysee b called 
«dorBal,'D. 

Those with pleurapophyscs confluent or connate with the extremitiei of 
the diapophyses are called ' lumbar,' L. 

The succeeding vertebrv which anchylose together are called * nucnV &» 

The rest are ' caudal,' Cd. 

The modifications of the diverging appendages of the scapnlar and pdvio 
arches are numerous in kind and extreme in degree : with the exception of 
the cetacea, in which the hinder pair b absent — the cheiroptera, in which tbi 
fore-pair b specially developed for the actions of flight— and some buiroweia^ 
as the mole — a dose andogy b commonly kept up b e tween the two paint 
both, for example, are reduced to the same degree of nmptidty in the eolid* 
ungulous horse; both arrive at dmost the highest stage of devdopment, in 
the specid adaptation of one of the digits to react upon the rest as an op- 
posable thumb in both the fore- and hind-feet of the quadmmann. 

Fig. 15, bones of the fore-limb, and fig. 16, bones of the hind-limb^ of 
the wombat, illustrate the serid homdogy* of those bones, explained at 
pp. 166-168. 



* It it with ptetiars that I ase sny of the new tons propoisd in mf ' 
Vcrtebnts" (1846) and •'Beport oa the Ardicmie aad Bonobgba of the VsrtAnSs 
Skdetou " (Bepoft of tlM tixteenth meetiiig Q# ' the Britith AModatioa hdd at So 
b 1846*). and iD earlier pabUtttiont, at the -< OeoloKical T^WMsetioM for 1838,** 

hj an oriainal aathor Ifte that of the ' CompaiaHTe OrteologT/ fciie, 1847, b 

Thai Mr. MadSie layi, " Thebwa of tymmetry or Serid Homologj praiUs over the geuMb 
of formatioii.''— Bemaifct OB pbte 49. And acabs— •'Bat beadi of thcaethns aeries sf 
distinct paita, in that of tpinooft pr oc ewei , or imref Ardket, and of bote of VHtehnk* 
•*Tbe tpmoua proecai, the imref areft and the vcrtdml bodj era stractoral ^aibtba.**— 
BipbnationofpbtoS. Whether the adoptioB of SDehtcnaa as •MBndaRh,'*aeikl' 
bgr/ fte. he implied or sdcBowbdged, the gratiacatioaii the aaacprarided ~ 
tVMd froB their odgiul aoDio. Bj'acwal aidi' I auaa both •aeonf^ 
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Mb *haiiienis»' ii the homolype of m, *feoiiir.' 

•4» < ulna,' M the homotjpe of er. 'flbahu* 

Og ' its olecranon/ is the homotjpe of n\ ' fabeUat' or tbe eefunoid bono 

erticttUted to the produced and expanded head of the fibula. 
M, * radios.' is the honotype of is, « tibia'*. 
te, scaphoid portion of * os scapholttnare»' b the homo^fpe of ae^ < sca- 

4 lunar portion of ' os scaphdanare/ da of Oy * astragalos.' 

eut cuneiform portion of * os scapholunare^' do. of c^ articular part of * cal- 
canenn* 

j», * piuforme ' is the homolype of eT, fulcral part of 'calcanennL* 

t, •trapexium' da of ei» inner coneifonn. 

a, * trapexoides ' da of cai, middle cnneifomi. 

■^ ' ma^om ' da of cc^ outer cuneiform. 

m, ^vnciforme* da of &, cuboides; both of these represent" 

ing two distinct carpels ooalesced, as the scaphdunar in the carpoa 
represents the astragalus and scaphoid in the tarsus, and the cal- 
caneum reciprocally the cuneiform and pisiform bones. 

The serial homologies of the carpels and taxials are better iOnstrated in 
the hand (PL IL fig. IS) and foot (fig. 14) of the orang, as will be presently 
explained. 

With regard to the digits^ they never exceed five in number in mammalia, 
and with the exception of the cetaoea, the number of phalanges is limited to 
two in the first, i and t, and to three in each of the other di^ts, in both fore- 
and hind-feet. The fint or innermost disit, as a genersl rule, » the first to 
disappear! jn the hind-foot of the orang (fig. H) commonly, and in that of 
the womwt, fig. 16, constantly, its short metatanal sapoorts but one pha- 
lanx ; in the dog, taken as the type of the class (fig. 4), the inner digit is 
usually wanting in the hind-foot, and b always very diminutive in the foro' 
foot. The first digit of the hand is reduced lo a short metacarpal in the 
spider-monkevs (Amt$\ 

The outer digit y and « is the next to disappear. In the tapir it is wantinff 
In the hind-foot; and in the rhinoceros (fig. 17) in both hind- and 
fore^feet. 

In the bisulcate ouadrupeds the development of the second digit (ii and 
n) is arrested in addition to the two extreme ones (i and v), and the funo* 
tioos of support and progression are committed to the equally and symme- 
trically developed Srd and 4th digits in and t«. In most of the ruininants 
rudiments of the 2nd and 5th oigits are retained (as at n and «, fig. 18) ; 
but in the camel-tribe they have entirely disappeared together with the fint 
digit,iand<. 

« aeinlipiDS,' or the totality of the AttlMt parti of wUchnchsidiiieQamQMd. And 
lamoTopiaioBtlist theportiorthoBeanlaidi whidi I hsvo cdled •Beniif tpiaoVnl- 
Booi praooi), BompophTdi (' aeonl •rd^' lladiio), together with the borii oa wUeh 
the sith rests, edtod'eentnun' or 'votcbnlbodj*' art Bot'itmetuilvtiktiei,' but the 
nost ODOitSBt sad isBportont olemeBts of the typiesi scgmeat or vertetesu I bsve been 
ilao led to eondndo, with other phyiiblogifts, that other lews besides tbese of •ssrial 



hoaM4ogj ' pcskle over the feraaatloB of the aidiDal body. The text of the bodtf of mf 
Msent won wae stroek off, with an altcniloB of the wpnm and a ftw oono c t i oa s laim^ 
dlatdljafterthepriBtiiigofthe*'VolBBBeof theBepofts" fowUch It ori^buily aapeend, 
and acferal bmbOm befDie I leecived the vitaaUo praseatatioB ooey of the woik widi which 



aad BCforal SMMtlis Mfbie I received tjie vsiuslils prsseatatioB ooey of the won with whlca 
Mr. Uadise hes frvoored BM. This most be ay cienM to him w not Botidig his work 
tosBearilerpertof the prsseat oae» 

• The tendoB of the trioepe fcnotliisDot osslfed la this sssdss^ where It pessss evsr 
aebeo-Joiatat e^'i itrsscmUes iathis ttspsctte hoaMgppe, the tsadea of^OshiesfS 
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In the hone (Bg. 19) the fourth digit it the aaditioiial nilgcel of amrted 
developmeDt, and the median one in both fore- and hind-foet* iii and HI* k 
the last and sole digit which retaini ita full and fonctional devekmnieDl; thut 
manifesting its character as the moat constant and caieotlal of tne termini 
ramifications of the primitive ray. Radiments of the metaearpak and meta- 
tantaldof the second and fourth digits (it and iv» fig. 19) aro retaincdp eoo» 
cealed beneath the skin ; these * splint-bones' of t£e veterinarian are dulr 
adjusted to serve important uses, and their anchylosis and other abnomal 
conditions are a common cause of lameness ; but the appredation of their 
final purpose does not prevent the philosophic anatomisl from reeognl^ng 
their real nature and archetypal relations, and thereby the easentially tf^ 
dactyle character and true affinitiea of the genua Eqtm»» 

The carpal and tarsal ossicles undergo corresponding modificatiooi^ by 
confluence or arrested development, concomitant with thk progresdva dm* 
plification of the mammalian hand and foot. And here I am indueed to 
offer a few observations on these bones in addition to the mnarka eootained 
in the text (pp. 167, 168). 

Much difficulty has been experienced in determining the special bomolMy 
of the carpal and tarsal bones in the lower vertebratea, more partienlariy lu 
BtptUioy according to the names arbitrarily, in the first instanceb apphed to 
them, as they exist in the human skeleton. To gmn a dear insigfat into thdr 
nature and relations, it becomes necessary to reverse the usual order of eom- 
parison, and to proceed from the lower vertebratea upwarda. We flfst i^ 
cognise a carpal segment of the fore limb in fishea, where it is fypreaenlid 
by a series of short ossidea (fig. % ss) intervening between the antibradiial 
bones (s4 and n) and the doogated nya or fingers (tt^ of Iho fin, and 
usnallr corresponding in number with the proximar or metacarpal aeriea of 
those longer nys. When, in the air-breathing vertebrates^ the tjpioal mun> 
hetjm b established, and governs, as n general rule, that of the tenniiiil 
series of rays or digita, the number of ossides or short raya at the base of 
these ought, theoretically, to accord in number with them ; and when them 
are two series of such ossides, there should be five in eadi. Aa r^gaida tho 
second or distal row, this number is actually maintmned as a gmeral mln in 
the order Oleoma, The metacarpal bones of the two outer digits are eo»» 
monly each supported by a distinct carpal osaide Tfig. \% u and ^fi, and 
these two carpal bones obviously answer to that single one in Mammaba (•} 
which supports the metacarpal bones of the fourth and fifth* or two outer 
digito (iv and y). In large and old turtles (CMmw) the same coof 
sometimes takes place which converts the two outer boncn of the i 



carpal seriesjnto the *os undforme'^ of anthropotomy s and I have t 

snom' had alao par ' ' 
homdoffr of 
carpal bones, supporting rcfpectively the poUex and index^ ttiera ean be do 



instance in CheUme Mydn in which the * os magnum' had alao partiallT 
- - - rofthed 



lesced with the * unciforme.' With regard to the homokwr of the dklal 
carpal bones, supporting rcfpectivelv the poUex and index» ttM 
difficulty; one is the ' trapeaium* (fig. 12; I), the other the 



(tft. «), and the bone supporting the middle digit, iii. Is oUvIouIt the * on 
magnum.* The determinations of the bones ofthe proximal row la at int 
sight less easy; we have said that thev are theoretically five in BQaBber, nd 



we find so many actually in most QwdmmaMOt evea In the anthropoid 
orang*. In this species two of the series (fig. IS, j^ a*) answer to one in the 
human carpns, namdy, the bone called 'aesj^oides* (tig* 6^ «); that wmmm 
is accordingly applied to the two inner or radial ossidea of the prosiaMd cai^ 
pal aeries in the orang, and they are eonndered aa aabdivMona of tho *•• 

• losL l^sas. L leSi, y. SOi. 



i 



■ M l . I I I II! 



192 miCRIPTION OF PLATBt. 

•caphoidet **• The ■ laDare ' (fig. 18, Q U tituated on a plane above or prozi* 
mal of theie* and b wedged into the distal intenpaee between the radios 
and ulna. The pisifonne (t6. p^ descends, or b placed more distal, and 
articulates with both the 'cuneuonne' (ift.e) and the outer 'unciforme' 

In many CMoma^ as in Teatudo Etephaniopuit Tettudo graeot in large 
individuals of Ckdtme mydas, the two inner or radial ossicles of the proxi- 
mal carpal series are distinct as in the orang ; they obviously, therefore* re- 
present the human ' scaphoid,' and the scaphoid onlv. Ossification com- 
mences in that portion which ii nearest the middle of tne wrist, or which re- 
late to the ^trapezoides'and index digit in younger Ckeltme$i in some 
Emjfdegf as Ckdodina iongkoUiSf this is the only portion of the scaphoid 
which b ossified: in other species apain« as Tettiuw uuUea (at least in old 
individuab), in CUtudo dauta and m JBisiyf europtBa (fif . 12, f ), these two 
portions ccMdesce, and so form a dngle scaphoid bone, as in man* - j 

In an CMamia the next bone of the proximal row of the carpus (fig. 12, i) 
holds a hi^er or more proximal position than the rest, and is more or less 
wedged into the dbtal interspace between the radius and ulna; this, there- 
forcb b plainly the homologue of the ' lunare' in the orang (fig. 18, Q ; it b 
theoretically, and in most Chehma actually, the third bone of the proximal 
row of the carpus. The next bone towards the outer side which articulates 
exdusivety with the ulna b the *cuneifonne' (iLe)i usually it terminates 
the proximal series, but sometimes, as in Cutuao eunua and Emug eurcgMta 
(fig. l%p\ it supports a small ' pisifonne ;' and thb bone, which b more de- 
vdoped, elongated and compressed in the turtles, articulates, as in the orang, 
in greater proportion with tne ' unciforme ' than with the * cuneiforme.' 

In the proximal row of the tarsus in Chelonia, one never finds more than 
two bones; and sometimes, as in the old Tuhtdo jatwouL^ these have coa- 
lesced into one. The larger of the two, in most Ckdonia (when thev are 
distinct), articubtes proximally with both tibm and fibula, crossing their in- 
terspace, and distally with all the bones of the second row except the outer- 
mosL It therefore answen to both the * astragalus ' and the * naviculare * in 
the human tarsus, and sometimes also^ as in the Tuludo graea above cited, 
to the * calcaneum.' The distal series of tarsal bones, like their homotypes 
in the carpus, are five in number in all Chdonb; the innermost, which sup- 
ports the metacarpus of the hallux, answers to the * os cuneiforme internum ;' 
the second to * o. c. medium;* the third to the * o. c externum ;' the fourth, 
which supports the fourth metatarsal, answen to the inner or tibial half of 
the * OS cuboides;' the fifth, which sustains the fifth digit, to the outer half 
ofUie'oscuboidea.* 

Thus, in the human carpus, the scaphoid (fig. 6, se) and the undforme 
(«) ara each two connate carpal bones, and they actually manifest thb theo- 
retical division in most Ckdmaa. In the human tanus the os naviculara (ss, «), 
the calcaneum (d, cT), and the cubddes (&\ ara each theoretically a com- 
pound of two bones ; but in the Chdodia tne prindple of coalescence ex- 
tends further: there are but two bones in the proximal row; three bones 
bdng rep r e s ented by the larger, and two 1^ the smaller of the proximal 
taistOs ; on the other hand, the five bones of the distal series maintain their 
normal or typical distinctness. 

In the crocodile a single bone of the carpus (fig. 3, sir) represents the two 
divisions of the scaphoid, as well as the lunare, the trapezium and trape- 
loides; a second heme (e) answen lo the * cundforme,' and there b a snudl 

• VnBk, AaMomb CoiapM^ da CUmpsBsl^ IdL lau. 
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«IiMroriiie(p);'tlMboiie«iepfcaaitBannU«nmaB*aDd««Bdib^ b 
the taiiii% oasUlcatioB cztends from the astngaMKBSvieokr boae am^ mad 
takes the plaee mlso of the interiMl and middle coacifbnB booca. Then ia 
an external canafoiiii bone, and a riogie bone h auppotti tbetwo oalertoe% 
and repmeoU both dirbioiia of the 'euboidea' in the Chdonia. In fooM 
Sanrians the ealcaDenm retains iu tnie or theoietical chaneter. the aitiailar 



portion (fig. S, d) being disdnci from the fnlcral or ■ewmoid portion (tty 
In the dog and other camivora. and in the wombat* the adfiboid ia eoo- 
nate with the lonare ; three earnal bonca ia the wrist of the orang are here 
therefore repremnted bj one. In the hind-foot of the rhinoema (fig. 17) 
the internal enneiforme ia gone, together with the digit it wonld have aop- 
ported. In the ruminant the cuboid baa coaleaced with the naTieolar (%» 
18» hay In the horee the external eunctform (fig. 19^ «r) it the hurgeet of 
the distal row co r responding with the enonnoos toe which it aopporta; and 
the naTicular» <» remains distinct firom the cunetform, 1^ whU we nmf auK 
pose to be r^reaested bj that portion which in the Emja aoppoiis the 
Iborthioe. 

In the ruminant the fibula is reduced to a small oaricle ffig. 18» arX repre- 
sentiog itt distal end* wednd between the tibia and tlwcalaiBeam: thedna 
is almost aa much reduced in the fore-Umb, and m commonly andiyloacd to 
the radius. The two metacarpals of the principal di|^ tiiand iv, eoalewe 
to form the single cannon-bone, and the two eorre sp oniBng BMtatersals are 
subject to a Cke coalescence (fig. 18), a nngle bone aopportiqg the fUly 
derdoped toes, aa in the bird : the rudiosental baefc-toeiH n and e^ have 
small detached metatamb when they exist. Whilst the number of toco la 
thus seen to fall short, p r o g res si vely, of five, the Epical ^aiacter of thit num- 
ber is stall indicatedby the power of detenunlng the particwlar toe or toes of 
the five in man, which are retained in the tetndae^lsb trsdae^lsb didactyle 
and monodactvle feet respectivdy of the lower mammala. But althoorii the 
number * five thus governs the devdopment of tf^la, propetlf ao calwd, fas 
all existing mr-breathing vertebrata, the teodtoej to mnltiplicatmn of temdnnl 
rays in the diverging appendages developed for locomotion may be aeen to 
manifest itself in the sexual * spurs * of the GaiSmaem and Jfanoinmitit fai 
the hereditary supemumeraiy toes in certain varietica of the oonnnon fowV 
and even in some individuals of the human race. But the sinrie spur of 
the tetradactyle cock is not more a homologue of a noimal d%it » n pcflt»» 
dactyle reptile or mammal, than is the •par of the PlatgptUt or the 
spur in the Popo UeatearalmB* 

Having thus noticed some of the chief varieties of the nammalian 
cation ofthe vertebrate archetype, there remains to add oo^ a few words in 
explanation of fig. 6k — the diagram of the human skdetott. 

As this is that which the anatomist has been accustomed to beer described 
most frequently and exduMvdy by the specid tersBSb and acconfiag to the 
spedd views and ends of anthropotomy, the language in whi^ itadeviitiena 
from the common archetype have now to be noticed wiD profaablv appear 



strange and bixarre. The comprehension of the explanation will I 
tated by reference to the special name of the bone Ulrongh its nnmcrd In the 
column of names whenever such bone b alliided to under Its generd or 
archetrpd name. 

In the fint and, notwithstanding the upright postureb tfke most anterior 
of the cranid segments, by reason of thdr forward curvature the hmn- 
apopby»is («i) codetces early with iU own moiety of the divided spine (ti\and 
the same thing happens to the next hmmd ardi (m) with subiequent eMita* 
ration of the fjmphysb between the hdvcs of its qiuM (m). . 
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The pleurapoph/sis (ft) of tbe fini mrch remaios a dbtioci booe : iU di*; 
▼ergiDg Kpipendige (m) ocwleices with and becomes a * proccn ' of the centrvm 
(a) of the parietal vertebra. 

The neurapophyaet (u) of the aoterior Mgrnent are modified as io other 
roammalia* t. «• become coofluent together aod with the olfactory captules; 
bat appear exteroaUy below the orbital procew of the froataL 

The spine (it) is small, bat bifid. 

That of the second segment (ii) attains its maaimum of derelopment, as 
do also the spines of the two following rertebrs (r and s). The bifid spine 
of the parietal segment is truly enormous as compared with that of the fish 
(fig. % y) or the repdle (fig.Svr), in which latter animal thespine, being an- 
diridedy adheres closer to Uie aichetTpe* 

. The direiging appendage (is, v) from the hsemapophysis (ti) b dirided 
into two nieces, as in most mammals and reptiles ; l>oth are broad and fiatr 
the firrt (ts) serves to fix the arch to the panpophyris (it) of the second seg- 
ment, mm which it is here dislocated; the portion (tr), which becontee 



enormonsly expanded, coTcrs a large vacuity between the third and fourth 
neural arches, and overlaps by a squamous suture part of the expanded soines 
of both those vertebm. It also anchyloses below with the pleurapopnysis 
(ts) of the second segment, with the parapophysis (s)and the pleurapophysb 
(as) of the third segment, as well as with the bony capsule of the oigan of 
bearing (is), forming with those parts the most singularly complex * cranial 
bone * of anthropotomT. 

The centrums (a, s^ and neurapophyaes (a, la) of the second and third 
segments coalesce with each other, and with the fir»t pair of diverging ap- 
pendages (ta) of the anterior bemal arch (ta, ti, tt), forming the complex 
* sphenoid bone of anthropotomy. 

The centrum (i)^ neurapophyses (t), and neural spine (a) of the foarth 
segment speedily anchylose together, sod their centrum afterwards ooalescea 
with that (a) of the painetal vertebra, forming the still more complex cranial 
bone called * os spheno-occipitale' by Soemmering. 

The hasmapopbyaes of the third much-reduced haemal arch (as) are ossified 
only at the extremity wliich Joins the spine (ai) : the remainder of the \ 



apophysis is continued in a lisamentous state to their anchvlosed pleoiapo- 
phncs (as), forming the ' styloid processes of the temporal bone.' 

The detached and displaced pleurapophyses (at) of the occipital vertebra 
attain considerable breadth : their haemapophvses (at) are ossified only at the 
extremity which joins the pleurapophysis, and with which it coalesces. The 
diverging appendaice (ju-^i") here attains its maximum of adaptive develop- 
ment; as in the sliate-fish (iZata) it exhibits the extreme of vegetative of 
pdaric growth. But the progressive steps by which it departs from the primi* 
tlve or archetypal simplicity, shown in figures 7 and 8, are so gradual that the 
I apecial homology of the arm and hand of man with the bifid-jointed appendage 

of the scapular arch io the amphiuma, and with the simple jointed ray of that 
I of the scapular arch of the lepidosiren, has never been doubted or called in 

I question. In ascending, therefore, to the higher generalization of the signi- 

I fication, or relation to th^ archetype, of such simple, or bifid, jointed or more 

J complicated appendage of such scapular arch, we are compelled by the trath* 

as it exists in nature, to admit that the scapular arch in the lepidosiren and 
I ' other fishes forms the inferior costal or haemal arch of the occipital segment 

I or vertebra ; and, by referenoe to the archetype, to see in the diverging ap- 

j peadage of such arch, a repetition of similaiiy umide divei]^ng appenchiges 

I of sttcceeding segments. These, indeed, retain their primitive simplicity, aa 

shown in the trunk- vertebr» of the fish (fig. 8, am) and of the bird (fig. 4^ 
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aa); and that umplicky is rerj gradually departed Iram in theeaieoflha 
appendages of the occipital Tertebra, by the stages leeogniiable la igk 7 
and 8. If» then, it be admitted that the upper limb (arai and band) of naa 
b the homoloeue of the fore limb of the amphioroe^ of tbe peetoral in of the 
fish and of the pectoral ray of the lepidosiren ; it follows, that, fika the 
latter, it must also be the ' direrging appendage ' of the areh called *seaptt* 
br,' which is the haemal arch of the occipital rertebm; and, thcfeforsb how- 
ever strange or paradoxical the proposition may sound, that the aeqmlar 
arch and its appendages, down to the last phalanx of the little ftnger» ara 
truly and essentially £>nes of the sknlL 

Tbe centrum of the firrt segment of the neck is sabject to the same m«fi- 



fication as in the ordinary mammalia, the major part (edS lemaining aacbr- 
losed to the centrum of the succeeding lament (ed}, ot which it forms too 
* odontoid process' in human anatomy. The eortical pait feo, «) is thai 
which is usually called the * body * of tlie atlas : it is connected by apooenrosia 
to the corresponding part of the centrum of the occipital Tertebm the ttti* 
cuktion of the head with the neck b chiefly by meai 
loped in the form of ccnvez condyles from the 
received by the concave sygapophyses of tbe neural i 
other cervical segments, the autogenous elements of which they are i 




are represented diagrammatically in fig. 6 as distinct, vis. the 



neurapopbysis, neural spine^ snd pleurapophysis; the latter elenenl in the 
seventh vertebra sometimes attains a length neatly equal to that of the im 
dorsaL In tbe eleventh dorMd vertebra the elements are additionallT iadiealed 
by the mitial letters. The cervical haunapophvses f m) are whollj ossified 
and well-developed. The kemal arches in Uie abdominu region retain tbtif 
aponeurotic texture: the anchylosed and stunted plenrapophyses an eoa* 
tinned by the tendinous origins of the 'tianaversus abdominh;'* the bam- 
apophyses are the * inscriptiones tendinem recti abdominis ;* and the basia of 
the hsemal spines is the Minea alba.' Bnl thcM and other modiflcationa of 
the bones of the trunk have been described at pp. 168-161* 

On reviewing the figures in Plate IL it ^01 be seen thai the diipositfon of 
the whole vertebral c^umn has changed with the pi'iyieisiie modifle ' 
of its segments: it soon depsitsfrom the geometrie sunpUei^ of the i 
type, and exchanges the straight line for the curve or naoccession of o 

In the fish the deviation is least: the whole column is straight in some; 
or it describes but one slight curves convex doml, from the nasal to tlio 
caudal veitebrsB : some fishes show a slight upward enrve of the f 




In the lower reptiles the whole spine is strsight, or simply enrved aa ia 
fishes : in crocodiles the genend curve, extending firom the segments of the 



head alone the back of the taO, is interrupted by a sU^ bend of the aeek la 
the opposite direction. 

In tbe bird, the longer and more slender neck ia the seal of aa fileirint 
double or sigmoid curve; the smnents of the head are direrted at i||hl 

iealcurve 



angles to the chord of the cervicaTcurves ; and the tail beads npwaida m a 
direction contrary to that of the fixed part of the Iraak. 

The d^ree and variety of the curves of the vertebial ediama vary esaeb 
ia mammalia, according to the medium and mode of their loeoawtioa. Ia 
the salject of the dia^am f fie. s), the cranial segmenla fbna a sligbl amjb 
with the cervical ones; ana thoM form another with the dofMi segmental 
the eurve of the back b slightly reversed in the knnib aad anin resamad ia 
the sacrum and base of the tail; which huter b the seal of extensiva aad 
variable degrees of fiexnosity, its extremity being spiial aad peehearila ia 
• 8m AUui, • Hirtoris If Modom,' T^ Znr. %. H 
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some quadrnpcdt. Another mark of adapCiTO modificatioD may now be fees? 
in tbe convergence of the apines of the oermal Tcrtebm towaraa that of the* 
fourth of thb seriety and bj a more marked convergence of the spinet of the' 
doTMl and lumbar vertebra towards that of the eleventh of the dorsal series : 
both these points of convergence indicate centres of special motion in these 
regions of the spine. That in the back commonly relates to the bounding 
mode of progression of the animal, in which the spine is alternately bent and 
extended, upon the vertebra with the vertical spine. When the quadruped 
moves along with a rigid spine by rapid walking or a kind of stiff trot, as in 
the heavy pachyderms, the spinous processes of the dorsal, lumbar and sacral 
vertebra all bend in one direction — slightly beckwards — and no centre of 
motion is indicated by a point of convergence. The elephant and rhinoce-' 
ros resemble in this respect the stiff-backed crocodile. 

In the human frame the succession of slight but graceful curves, and their 
relation to diffusing shocks and balancing the body m the erect position, have^ 
been explained in various estimable phj^oloffical works. 
- In no species do the cranial vertebrss bend at so strong an angle from the^' 
chord of the opposite curve of the ' neck : and in none is the curve of the> 
sacrum and coccyx so strong in proportioa to the small number of the 
Tertebree. 

But the most striking characteristie of the human modification of the 
endoskeleton is the enormous development, both in bulk and special adaptive' 
modification, of the two pairs of diverging appendages retained for the pur« 
poses of support, locomotion and prehension. In no mammal does the length 
of the pelvic appendages, as compared with that of the vertebral column^' 
equal that in man. 

Perhaps the greatest obstacle to the contemplation of these members aa 
hOKO^.ogiiea of the simple diverging lays (a, a) of the haemal arch of thtf 
typical vertebra, as they are shown in the ardietTpe, and in many segments 
of the bird and fish, will arise from the early and habitual contemplaUon of 
them by the anatomist under their maiimum condition of growth and de-' 
vdopment in its comoletest sense in man. 

In the skate (Rata) the pectoral members surpass in relative bulk their ho^ 
mologues in man : but the development of these appendages b of a lower kind : 
it consists of a vegetative repetition, — division, bifurcation and segmentation 
—of mere reys, of a multiplication of essentially similar parts, without power 
of reciprocal action and reaction on one another ; all being bound up in one 
common fold of integument for one simple action — the onfy one required for 
an animal so low in the scale, but perfeetly provided for by the form of fin in 
question. At firrt sight the pectoral fin of the skate with its hundred digits 
seems a more complex deviation firpm the primordial single rey, as shown in 
the lepidosiren (fig. 7)> than the pentadactyle upper extremity (ss-sr) of man ^ 
but the complexity is more apparent than reaL The high characteristics of 
the human arm and hand are manifested by the subordimulon of each part to 
a harmonious combination of function with another, by the departure of every 
element of the appendage from the form of the simple ny, and each by a 
special modificatkin of its own ; so that every single bone is distinguishable 
from another : each digit has its own peculiar character and name^ and tbe 
* thumbs' which b the least constant and important of the five divbions of the 
appendage in the rest of the clas% becomes in man the most important 
. oeiBient of the terminal segmeot^and that which makes it a 'hand ' properly 



In the pdvie, as in the scapular extremity, the same digit (t), which b the 
first to be n^eetitd in the maaunaliaa serica, becomeib m h were^ * the chief 
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Stone of the corner/ anil is termed *par exeenence^* the *gr«it toe:' nd 
softhe - - 



this is more peculiarly charaeteristic of the gcnns Homo than even Hi 1 
type the thumb; for the monliey has a kiml tjf poUac on the handy but bo 
mammal presents that development of the kaOux, on which the eract pottofO 
and gait of man mainly depend. 

We perceive, however, that although the firat toe (fig. 0» t) is the longed. 
as well as the largest, it retains its charuteristic inferior number of phae 
langes; its bulk depending, like the krger toe in the didactyle oetrieh, oo 
the superior size instead of an increased number of bones ; whOsI the fifth 
or little toe (r) still retains with diminished proportions its foil eomplencat 
of phalanges. The teleologbt will discern that the requisite strrnga of the 
toe, which is the chief fulcrum when the whole body is raised bf the |f0wcr 
acting on the heel, as in stepping forward, has been regarded in the dimi- 
nished number of its joints ; but the same final cause would not appear to 
have governed the different number of the equally-siied first and fifth of the 
five toes inclosed in the massive hoof of the elephant or the webbed hlad- 
paddle of the seal: and whether the hallua be the shortest of the tr^ or Oio 
longest, it has always the same number of phalanges whenever it b [ 
provided it supports a nail, a hoof or a daw, in tlw mammaluui series. 



The satisfaction felt bv the rightlv constituted mind must ever be mot la 
recognising the fitness of parts for their appropriate functions s but when this 
fitness is gained, as in the great toe of the foot of man and tiM ostrich, bj a 
structure which at the same time manifests a hannonioos ooneoid with o 
common type, the power of the One Great Oiuse of all organialloii Is sp» 
predated as fully, perhaps, ss it Is possible to be by our limited IntdOgeBSS. 

Tt is interesting to perceive both m the human hand and foot that the di|^ 
that have been most modified either by excess or defect of devdopnesi ars 
precisely those that are the least constant in the mammalian series tlM twob 
for example, that form the extremes of the series ; whilst the three intemo* 
diate digits are more conformably and equably devdoped. lo the haad» the 
* digitus medius*— the most constant of sll In the veitebfate series^ and mott 
entitled to be viewed ss the persistent representative of tlM tanlnal ssf- 
ments of the primitive dementsry ray, — still shows a slight snperior i tT of dso; 



uffh few, perhaps, are aware that the bones fbrmiiig tlM three joiBli of 
\ finger answer to those cdled * great pastern bone^* little pastaiB bone/ 
1 *coflhi bone' in the horse, and that the naa of this finger reprsseots this 



•Wsi 

and*coflhi bone' in the horsey and that the nail of this finger ieprsieots I 
hoof In thehoisa. 

• In the human foot the three more constant toes^ HfUi^hff «*t^ft?» bmmo 
equally of rise than thdr homotypes in the hand : .the middle toe hers also 
is the representative of the chief part of the hind-foot of the hone t bat the 
fourth toe answers to that which, bv excess of growth, beoonaes the ddof 
member of the long and strong hind«foot of the kanguoa These aad the 
like rdations to the vertebrate archetype, which, together with the pri o dp lo 
of the fitness of things, govern the forms snd proportions of parts of the 
human frame, cannot but be both interesting and nsend to the artist» ss bdag 
cdcukUed to cdl his attention to difllerentiu characters, whieh, theu^ ee»- 
stent, may be so dight as to escape attentioo until thdr trao dgnifleBBee Is 
made known. 

The few examples of unmutOated feet from the works of the aadeBtOrsdi 
sedptors show, indeed, how truly thdr just observatioB of nsturs suppBed 
the indffht into the srehetypd law, and guided tliem to an oiaet snd pciin 
tiful indication of the affinities of the three middle toes as oootrssted wHk 
the first and fifth, the distinctive dmracteta of the last bdag as trdy gifw 
ss those «f the gnat ton. 
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In *I1 Giorao'— the chef-d'cenTre of Corrbooio at Fuiiia, Id Mine 
respects the nobletl production of modern painting — tlie«e eharacten Imre 
been overlooked in the foot of the Icneeling Magdalen, in which the toea pro- 
grettively decrease in equable proportion from the second to the fifth. The 
same fault may be seen in the right foot of tlie Mercuiy in the painting, 
Ko. I0| in our i^ational Gallery, attributed to the same great artist, and wiUi 
whldi the beautiful right foot of the dead Saviour in the adjoining painting: 
br the more truthful and severe Francia favourably contrasts. Both the 
Venua and Cupid in the Guido of the same Gallery afford ezaroplea of the 
conventional foot, whilst that (the left one) of the Christ in the • Raising of 
Laaarua ' by Sebastian del Piombo is an example of the beautiful and the 
true. 

To return from this digression to the immediate 8ulgect(fig.6) of the present 
explanation, besides the * bones ' indicated by the figures and named in the 
adjoining column, the following are referred to by letters : — in the carpus (ss)^ 
«r is the 'scapboides,' / the ' hinare,' em the * cnneiforme,'/» the * pisiforme/ 
t the * traiiezium,' a the * trapezoides,* m the ' masnum,' u the * unoiforme ;'^ 
in the tarwis (ss) « is the * scaphoidea' or * naviculare,' a the 'astragalus' d; 
the articular part of the ' calcaneum,' ef Mts fulcral part,* e t is the * cuneiforme 
internum,' e m the * cuneiforme medium,' e « the ' cuneiforme externum.' 

In the hand, the bonea or segments of the rays immediately supported by, 
the carpua are called * metacar^ds,' the corresponding series in the foot ' me* 
ta t a r sals :* the remaining segments are called ' phalanges;' those nearest the. 
trunk are * proximal ;* those furthest from it and supporting the nail * distal' 
or * ungual ;' the intermediate ones are the * middle phalanges ;* the middle 
phalanx is ^isent in the thumb and great toe. It is only in the horse that 
the phalanges, from their sreat and peculiar development and frequent, 
disease, have received special namea : the hippotomist, in thu respect, having, 
done exactly what the anthropotomist had done before in regard to other bones^ 
and for the same good reason. Both, however, will appreciate the necessity 
of knowing someUiing more of a bone, besides its spc«ialitiea of form and 
structure in relation to its uses and diseases, in order fully and truly to un« 
derstand it Some knowledge of the arche^rp^, indeed, would seem to be 
required to enable the anthropotomist to appreciate even the differences of 
conformation and proportion which must strike his eye in contemplating the. 
immediate object of hb descriptions. In the elaborate article on the ' Mnes 
of the Foot,* for example, in the * Cyclopaedia of Anatomy and Fhyddogr * 
by ita accomplished editor, it is stated :^" The toes are numbered firom the 
inner or great toe ; they gradually diminish in length from the first to the 
fifth :" — ^ All the metatarsal phalanges possess these general characters : that 
of the great toe is very considerably thicker than the others, and b slishtly 
longer : the remaining ones differ but little in size^" voL iL p. S48. Now, 
besides the difference in degree of diminution observaUe in the skeleton o^ 
wdl-formed feet, and especially in the races where no artificial compresdoa 
haa been applied to the foot during growth, the proximal phalanx of the little 
toe is broader and more depress^ m proportion to its length ; those of the 
tiiree middle toes being narrower or mora compressed at Um middle of their 
shafts*. 



• Row littls the tne nature of the sdeaes of oompsrstive SBttooij, or snaloBy i!gU|y 
so csUcd,lt oonwebcaded, and its iaditpeBisble sid to s tros vadersUBdlDg of tatbiopo. 
tOBj recogniica, may bo infciTed bf the defloitiOBS of tho idOBCO of ' Analonij ' la the 



litctt lamBiarict of homaa kiKmlcdn poUithod is tUi eouitiy. Tim is tho 
' PeanyCjciopcdIa' we md that ** Componitivo anatonf indodet aa aeoomt of tho su es ^ 
tors of aU dasiot of animah auMpMiy ikai qfrnmrn; Honua aaatoa^ is rsstrietod to aa ao- 
eoaatofthostmetanofsMaoB^," voLLp.198. AitAaalSBij. 
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: Infig.5.thet7picddeDtitkmofUieplaeeBtdiDam»dkilwir%Y^ 
expf€Medbythefonnttk:-t|=|; cj^5 jii^; j.|=|=r4^ 

ngDifiet that there are on each ude of both jawa three ineiflorB (4 it i»aX «■• 
canioe (e)^ four premolaia (|n i» •» s» «)» and three molan (m, i» i^a]^ The 
fourth premolar in the upper law ana the firat molar in the lower jaw are 
called *iectorial' or *camaiwiaf* teeth in the camivonL In the huaMB anb- 



ject the dentition hi-4^; €^=1; p^i m^^92; and the 

absent premolan are the firrt and Mcond of ^e typical foroMla** 

Fig. 7. Hind view of the occimtal ▼ertebm of the Lqmdotirm ( TV uiU 
pterus) anmeeten$ (from nature). The ktten indicate the bonea in their geacial 
relation as elements of the primary segment* the mwtAen their qiedal nameaw 
, An the bonea of the foreJimb, from the homerua ss to the naaoa ar» an 
potentially included in the segmented ray a* 

, Fig. 8. Hind riew of the oedpital Tertebra of the Ampkhma didadjfbam 
(from nature). The general and special namea and homologica of the parts 
are siroihurly indicated. The articubtion of the head to the trunk ia almdj 
here (in batrachians) transferred, as ailerwarda again in mammals^ ftom the 
centrum to the neunmophyses (n tX ftod the parts of the neural arch hav» 
coalesced together. The uamal arch is detached from the neural aich» and 
slightly displaced backwards ; but the pleurapophyria (pit si) rrtaiaa IIb 
simple rib-like form and position, slightly indimng outwarda boow from the 
Tertf cal line. The hsemapophyscs (kt m) do not paaa beyond the atatt of 
gristle, but are much expanded : they resemble in their hiatologMal eonAioa 
their homotypes, called *cartilagea of the ribs,* in the thorax of man. If the 
study of the essential nature of the detached inverted ardi so fbracd had 
been begun at this point and compared with that of the veitebratea lower fai 
the scale, no doubts I apprehend, would have been entertained aa to the 
detachment of such hmmal arch in the amphiuma being a deviatioo horn 
type, and its attachment to the rest of its segment in the oaaeona fttbes aa 
being a retention of the U'pical structure : this condition woold have been la 
point of fact the rule, and the other the exception. In extending the oompn- 
rison to the higher claw e if , the instancea of the detachnaent and '^^•hinfe of 
the scapular arch from the occiput predominate, and its attadimeiit to that 
neural arch of the skull, in fishes, bMomea numerically the exception. 

The question then arises, whether the number of inatanees, or the ctreoa- 
staoces under which the instances occur, are to be our guides ia judgiw of 
adherence to or departure from the archetype. Fishea are the lowest ofVhe 
classes of vertebrata, and if it be true that to understand the fundanMBlal 
^pe of the vertebrate skeleton its study must be commenced* not in the 
highest species, — ^not in that skeleton where irrelative repetition ia least and 
adaptive modification most dispkved, but in the lowest daas^ where the 
reverse conditions prevail, — then the position and conneetioos of the soapdar 
arch in fishes must be regarded as more confonnable to the tvpieal atrvetam 
than the altered position which that arch presenta in all the hitler daasea: and 
in this conclusion we are supported by observing that the poeitioB and re- 
lations of the acapular arch m fishes render the cranial aegment, of whieh k 
there forms part, more conformable with the other aegmenta of the skeleton % 
whilst in the crocodile^ for example^ as exphuned at ppw 1 17-11% the oeei- 
pital segment is unconformable bv reason of the absence of its Innaal arel^ 
and can only be made conformably by the restoration of the acapular arch to 



• roc thi dcteiMination of ths tsstk ia mwiiiMlis, ace my • Odsatofnfty,* ff^ aij^Ufc. 
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tepheeitkoldiioiiho. For, fai 1^. S, wiUi i 
Ikit meede^e occipital oMb tiKn are tkiw Ihh 
dibafar aad hjoidoui ; and witk icgwrd to tiM wyrota wbick soecccd tbe 
ocdpital ooe as far aa tlie aaeram iDdoavey evny one has its pleaiapopkijaai 
\ if Bol lis entire bcnalareh. TWacapak^ Ihareron^liciBg whalfi^.? skowa 

theoi to be, p i eoi ap opfcysci, tlie oedpital seg ss urt. io tSt croeodile la tlw 
only one in wbicb lliow elenents aio wanting and the scap«l« are IIm only 



ptennpofribyses by wbicb tbe want can be soppBcd in order to wiiofa tbe 
» as it k diqilaycd io nature by tbe daM of ftrb ea. 
i^itb reqieet ako to tbe diverging appenda|{ca»nn» of tbe oedp 
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arcb of tbe amphinma, if tbeanatomst bad obKrrcd tbcm witb n previona 
knowledge only of tbe lower daM of vcrtelwata, tbe bonca si» as and m 
wodd donbdcas bave been regarded and described only aa bifid s t g a w- n ta of 
tbe p t imili fe nniple ray. Bnl tbe parts baving been originally stadied froai 
n b^gber point in tbe animal series* wbere tbe bomologncs of tbose I 
by Tiftne of tbeir special drrelopmenta in adaptation to I . 
obta i ned special namci, tbose names are nataially and pwi per lj 1 

.1 to tbeir simplified bomolognes in tbe appendage reeogniaed as tbe 1 

fimb or eztienuty of tbe ampbinme : tbe prasisnl single seg ss tnl ss aa *bn» 

t memi^' tbe oaafied divirions of tbe next segment aa m 'radina' and ss •nba,' 

tbe teraunal bifnxcation as tbe 'digits.* Tbis estreBse instance of tbe nnity 
of tbe plan npon wbidi tbe limba of tbe Tcitcbrate aninmb bave been eon- 
atmcted is a perfecny tme one* 
bas most aceamtely I 




Cnmr bas most acearatcly asngned tbeir spcdal namea to mA of tbe 



narts of tbe fore-fimb In tbeamphinme in bbcdebrsled memoir*. AM tbat 
I would ask of bb oMst devoted disdple is to redprocate ; to grant tbe in* 
ftfenoe as to tbe signification of tbe parts arrived at ' 
route of InquirTv wbieb tbe 



arts arrived at by tbdr study in tbe 

bomologist b readv to give to tbe 

r of tbe parts wkkk bavu been ob» 



of tbe spcaal character of the parts 

tained by comparisons pufsued dcscensivdy from amn: in other word^ 

\i to adniH that tbe whole (m-S7> in fht; amphiame (fig. 7) amy be tbe homo- 



Si bigueof tbe ray (s>-sr) in tbe Icpidosiren (fig. 6); that this amy answer to 

'! I the my (•»-« a) in tbe fourth segment of the ardietype (fig. 1); and that such 

' i 11 r^ is repeated in the diverging appendagei* « «^ of tbe sueeeedinw segmg nt a 

of tbe skeleton : whereby we are led to the recognition of the 



'I. ...... 

' ^ R vertebra^ and the fora-ltmba aa being such appendagca of tbe occipital 



' I I of the limba as developed diverging appendagca of the haemal arcbea of 

vertebrm^ and the fora-ltmba aa bdng such appi 



In fig. 9 tbe dementanr condition of the hind-limba in the vcrtcfaratn la 
shown m nature in a back view of tbe pdvic vertebra of the /Vei y i tons or 
lepid^siren. Tbe lettem signify the general and the ficures the qieaal homo- 
logics of the parts. Tbe apical dementa (si) of the hanaal arch are 
dHacbed fnan the basal ones (si) and tbe reat of tbe segment, and cany 
with them the divetgiog appendages (•»-m)t as in all other fishes. 

Fig. 10 is tbe coffeqwnding arch and appendages of the iVsfcnsn j yw ij iM s. 

* DsBi set deas igons m at F— yhfr, k let pisviii ■tcradci cntikfteaasi jmbiIw 
prDbsbbMrt dct m etmtmKrm ; r rteMfrw^ nrrf da ndtfw ct da rarfnt qjiri portcat aa 
cnyf cartilssiafui ct den oi MfiscarppiiM st pmuut/^tut shmZb lIcBOBa la a TAca* 
d^ais dcs Sdeaeo, k U Novcaibn 1826, B. ll 

t The waat oT coBBseUoa oT s peripkod pfeei, St its peripbeni border, Sfpmn tsbs 
"' I oTiti gicalcr citcat of vancCy of fMia lad preportioa tbaa la tke Bora cm- 



tiil fkees of s aotanl wgaeat There it aotUog to mtiaiB tti baariaat dcftkyml 
from sdmpkqpiBO to sphie^ too dMded plate with iBtcTCsktioBSgftc^ or to akasthmod 
■ifiatsd lay UtemtiafaBdduotlag eat lata additkaal Mgnoito with indeiaita modl- 
faSmeflbsN. V^ . ' 
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Here the bsenwl arch retains Its natnial oonneelioiit with the rasi of Ha 
▼erteb^^ and henceforth pretenree them, with a few eacentJom (Enaliowria 
and CetaceaX in all the air-breathing daetet* op to and indnding Man. Im 
re^Mct of the modification by diaplaoement, the namericd e¥amplet of ad- 
heeion to or departure from ^pe are reverMd in the pelvie aegmen^ aa cooa- 
pared with the occipital one. Mammali, birde and reptiles show the mk^ 
and fishes the exception, tjpicaUy as weU as namecieaUy. Thcra has been, 
therefore, no difficulty or discrepancy of opinion in fcgud to tlM homology 
of the detached hsemal arch and its appendages in fishes, Carier saw in si^ 
fig. % the represenfatire of the * os innominatnm' or *os da basrins' aad» 
notwithftanding the degree of displaoement to which each rwfimeat of a 
pdrii, with its pelvic members, were subject in fishet» Linnmus bad as little 
hesitation in recognising in the ventral fins the hooMlogues of hiad-Cmba 
wherever they were placed. When in their normal pontion, as at v, fig. 8; 
they characterized the * abdominal' fishes; when advanced to beneath the 
pectoral fins, as at v', they characterised the * thoracie* fishes; when stifi 
more advanced, as at v", they characterized the * iugular' fishes. The spedc« 
in which the ventral fins were absent were 'apodaV >n the phOoiophie la»> 
gnaee of the immortsl Swede. 

Now all that is here required, in regard to the determiaatioD of the loco- 
motive members, is, that no more value be given to the character of detail 
ment and change of phioe in regard to the tnpniar areh and its mmdagca 
than LinnflBus idlowed in the case of the pdvio ardb and ita appendages. 

The arms are shifted to and fro in the bodies of the air bceathing vcft^ 
brates, the legs in those of the water-breathing vertebrstcs: the an^ sop- 
porting the arms is fixed in its true place in fidhes, and the arch supporting 
Uie legs retains its true place in the higher chuses ; only it is often nceestaiy 
that it should be so developed as to be applied to manj segments besides the 
one to which it property belongs. In the proteus (fig. 10\ howevcr» the 
flium (st) retains its simple primitive rib-like fomn just as the scapula doca 
in fig. 8; and it is connected, as we saw likewise in the BMaopooM fp. 159^ 
fig. S8), to its proper vertebra exclusively. The segments of the biforealed 
ray in the proteus have been determined by desoensiva eomparisoo Iram 
the higher classes to be^ ss the femur; ss, sr, tibia and fibula; sst tarsna; sib 
metatanus and phalangesb 

' Fig. 11. Distal half of anchylosed metatarsus, with the two toci^ of the 
ostridi (Sirmtkio eamelui)^ answering to the third and fourth in tctradae^la 
Urds. 

Fig. 18. Bones of the fore-foot of a freshwater tortoise (A^ €itnptf9)i 
9 outer division of * scaphoides,' ^ inner division of 'scaphoidcsb* ' ' lanara^* 
« < caneiforme,' o ' pisiforme,' t * trapezium,' s * trapesoidesb* m * os magnnss^* 
t^ « the two mvisions of the ' unciforme:' in this rratile the number of 
earpal bones is ten, five in each row, coiresponding with the nnaakber of the 

Tig. IS. Bones of the hand of the orang-utan (^Simia JoQrfsiiJi Tba 
lettera indicate the same parts as in the preoMling ilgnra. The two nnciforai 
bones have eoslesced into one, and the number of carpal bones is nineb In 
the human hand, by the coalescence of the two radial bones of the pmilmil 
row to form the ' scaphoid,' it is reduced to eight 

Figure 1*. Bones of the hind-foot of the orang-utan: s^ 'scaphoideib* 



answering to ss' in the carpus ; o * astragalus,' answering to / in the cannai 
elarticular part of * calcaneum,' answering toein the carans; ef fufeial 
part of calcaneum, answering to /» in the carpus ; e t * cnneilonM interaon^* 
answering to I in the carpus ; em ' cuneiforme mediuBS^* answering to s if 
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the Guput ; ee* cuneironiie txXennm,* antwcring to » in the carmis ; & * eo^ 
boident aoswcring to « in the carpus, and liko it consisting essentially of twd 
connate bones : bj a similar connatioo of two bones in #» and also in c( tbo 
number of tanal ossicles is reduced, as in man, to seven* 

Fig. 15. Bones of the fore-limb of the wombat (PAojco/oMys rom&oAit). 
The letters indicate the same bones as in fig. 1^ but the lunare haTing 
coalesced with the two connate bones forming the scaphoid, the number w 
carpab is scTcn. 

Fig. Id. Bones of the hind-limb of the wombat, showing the resemblance to 
the ulna in its liomotype, the fibula sy, by Its proximal enlargement, and the 
superaddition of the senunoid ossicle sr', which answers to the olecranon, and 
becomes anohylosed to the fibula in the moootremes. The olecranon itself 
is a detached scvamoid in some bats. The hallux is reduced to a small 
metatarsal (i) and one rudimental phabnx, i. The letters signify the same 
bones as in tlie tarsus of fig. 14. The foot can be rotated like the hand. 

Fig. 17. Bones of the hind-foot of the rhinoceros. The tarsus b reduced 
by tlie continued connate condition of « and of c/, W, and by the absence of 
et and of the outer division of &» to six bones. The inuer toe t and theonlar 
toe V have disappeared. 

Fig. 1 8. Bones of the hind-foot of the ox. By the connation of h with J^ 
forming a scauho-cuboid bone, the number of tarsal bones is further lednocd 
to five, and of these the cuneiforme medium is a mere rudiment attached to 
the back part of ce. The functional toes are reduced to two ht the rwO- 
mental condition of the second tt and Atih r : the fiivt being whoQy absent. 

Fig. 19. Bonos of the hind-foot of the horse. Here t^ number of the 

» ; ( tanal bones is the same as in the riiinoccros, but the toes n and ir are ra* 

> I duced to mere rudiments of their metatanal segments, forming the * splint 

1^ bones ' of veterinary surgeons. Onlv the third toe is retained for the inno- 

tions of the foot, which it almost exclusivelv represents. 
[] With regard to the order of tlie descriptions of the cranial vertdm^ 

pp. 106-13a and of the numbers of the bones in the several fiffuie8» it may 
be askrd why 1 have not begun to enumerate the segments of the hcnd fiom 
the most anterior one in the archetypal figure, and &e dements of the er»> 
nial vertebm from the centrum of such anterior segment (vooMr, u% and 
why I did not count all the elements of that segment before going to the 
next? This order seems so natural, that it may one dav be piupos c i^ ai^ 
perhaps supersede the order of enumeration here adopted. By thosc^ how^ 
ever, who may view the prenasal and other supplementary ossicles in certain 
fishes and mammals that are anterior to the natfal vertebra, as mdimenls of 
I still more anterior vertebm analogous to those abortive ones at the opposito 

extreme of tlie body, the commencement with the vomer ns now 1, would 
appear equally artificial and arbitrary, as being then regarded the centroai 
of the 2nd vertebra, or perhaps the Sra vertebra of the ImmL It b theivfora 
in order to secure a constant element to commence with, in all vcnebratea, 
that 1 have begun with the basioedpitaL It will be seen l^ a gbnce at the 
typical skeletons in I'bte II., that the vertebrts In the middle of the bodty 
retain most of their typical character, whilst those at the extremities aieaob- 
ject to most modification : the direction in which the segments are counted 
roust in any case be arbitrary, and in enumerating those of the skull the ad». 
vantage of commencing with the one that certainly and invariablr begiaa tho 
cranbl series determiueil my choice in counting'from the trank forwanb; 
when if rudiments of segments should be detennined anterior to the Mnal oocb 
in anv animal, they may be reckoned as representing a 5Ui or Gth cranial 
vertebra. The onler of enumeratioB of the conatitnent eienents or boiic% 
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beiug likewise to a certain extent arbttrmryy I have choeen thai wUeh appean 
to nie to guide to the dmmI natural eoune of dcecriptioo of the tknll im 
different animals. 

1 would entreat the innovator, therrfore»' to be well assared thai ha haa 
better grounds than these for changing the order of enaawrating the craidal 
vertebroe and their elenientSi before he does awaj with the adTaotaea of 
having a number as a fixed and determinate symbol of a booe; whieh ad- 
vantage would be gained to Anatomy if ita ciutivaton should agree apos a 
given order of enumeratSoa. 
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